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ABSTRACT
The electronic states of 1-phenylnapht.halen*>. , v ■ ivinaphtha­
lene, 2imethy1-2-phenylnaphthalene , 2-phenylquinoJl rie, d-ptrr.'i- 
quinoline hydrochloride, 6-bromo-2-phenylquinoline, n-brorao-2- 
phenylquinoline hydrochloride, 1,2-benzfluorene, 2,j-benzfluorene 
and j.C-benzfluorene have been investigated by spec troscopie n-'thod:; 
The electronic states of these molecules have been classified into 
two types, those characteristic of the molecule as a whole, and 
those characteristic of the individual subsystems of the molecule.
The absorption, fluorescence and phosphorescence spectra from 
rigid glassy solutions at 77°K are given for the above compounds.
The absorption and fluorescence spectra from liquid solutions at 
room temperature are also reported. All of the afore mentioned 
compounds give rise to more than one fluorescence, more than one 
phosphorescence or multiple emissions of both kinds,, Experimental 
evidence is given which indicates that the multiple emissions do 
not result from trivial mechanisms such as impurities, and there­
fore these multiple emissions are interpreted to l̂ e characteristic 
of molecules having strong coupling between the electronic excited 
states of the subsystems.
Solvent frequency shift studies on 2-phenylnaphthalene are 
reported, and these studies show that no intramolecular charge 
transfer transitions occur in the near ultraviolet and visible
viii
absorption region.
Some charge transfer spectra were obtained from mixtures of the 
compounds with the pi acid tetracyanoethylenet but the tetracyano- 
ethylene tended to react with most of the molecules used giving 
products other than charge transfer complexes.
These experimental data tend to indicate that the electronic 
states of composite molecules are made up of two types, those charac­
teristic of the whole molecule and those characteristic of the nearly 
independent subsystems. In these molecules the complete electronic 
i interaction of all parts of the molecule seems to occur to only a 




Previous workers in this laboratory interested in the study of
1 ocomposite molecules were Horace Ory and James H. Wharton . Composite 
molecules are defined as molecules that are made up of two or more 
aromatic subsystems which interact sufficiently to perturb appreciably 
the electronic spectral characteristics of the independent subsystems.
The previous work was concerned with fluoranthene (Diagram Page 
2) and related compounds that have rigid structures. That work indi­
cates that these molecules give multiple emissions that do not arise 
from trivial mechanisms. These multiple emissions were interpreted to 
result from the excitation of the isolated but slightly perturbed sub­
systems of the molecule.
The electronic states of fluoranthene and related compounds were 
interpreted to be those of the naphthalene and benzene subsystems; the 
dissimilarity between the absorption spectrum of fluoranthene and the 
combined benzene and naphthalene spectra has been attributed to electro- 
dynamic interaction between the states of the naphthalene and benzene
psubsystems of the molecule. By means of exciten theory Wharton made 
calculations that indicated that Interaction of relatively Isolated
^Horace Ory, Ph<, D. Dissertation,, Louisiana State University,
(1957). P. 41.
2James H, Wharton, Ph , D. Dissertation. Louisiana State University, 
(1962), p. 1-4.
1
subsystems was a reasonable assumption.
Some theoretical calculations^ predict the 2d,800 cm  ̂ band for 
fluoranthene, which prior to Wharton's work had never teen re ported„ 
These investigators used the semiempirical method of configuration 
interaction (the Pariser-Parr approximation) with the assumption of 
equal bond lengths. Usinp the above assumptions, they calculated the 
excitation energies of tne pi electron transition for d5 nonalternate 
hydrocarbons, one of which was fluoranthene for which they predicted 
a weak transition around 2 5 ,0 0 0 cra” .̂
Thn purpose of this research was to see if there are types of 
molecules other than the fluoranthene type which show the multiple 
emissions. The type selected was that which contains a subsystem 
that has one aromatic ring joined by a single bond to a subsystem 
that has two fused rings. Examples of this type are the phenyInaphtha 
lenes, the phenylquinolines, and the benzf1uorenes which are illus­
trated below.
(I) 1-Phenylnaphthalene (II) 2-Phenylnaphthalene Fluoranthene
^J. Koutecky, P. Hochman and J. Michl, "Calculation of Electroni 
Spectra of Nonalternate Conjugated Hydrocarbons by the Semiempirical 
Method of Limited Configuration Interaction," Journal of Chemical 
Physics. (196d), p. 2d39.
i
(III) I *- M e t h y 1-2-p h o n y 1 naphthalene (IV ) 2~ Phe ny1q u1 r,o 1 m e
(V) 2-Phenylqaincllne Hyurochloride (VI) t>-Bromo-2-phenylquino line
( v r i )  6- Brorno-2-phenylquinoline Hydrochlor ide (VIII) 1 , 2-Benzf luorene
(IX) 2, i- !*er:?,f luorene (X) Jpd-Ben:- fl uorene
k
In compounds I and III, the minimum in the potential energy well 
for rotation around the single bond that connects the subsystems is 
achieved when these molecules have the plane of their rings perpendicular
ifto one another. Considering steric and electronic effects in compounds 
II, IV, VI, and IX, the minimum in this energy well for rotation is 
achieved when the rings are coplanar or very nearly coplanar. Compounds 
V, VII, VIII, and X probably have the minimum at some intermediate po­
sition. The compounds chosen all have the same kinds of subsystems 
located approximately the same distance apart.
Attempts were made to remove coplanarity by steric hindrance; an 
example of this steric effect is obtained by comparing the spectrum of
2-phenylnaphthalene with the spectrum of 2imethyl-2-phenylnaphthalene.
From this it was hoped that one could determine whether the total 
planar molecule was responsible for any of the emissions or whether 
all of the emissions were coming from the subsystems™
Platt's notation will tie used for this dissertation. An expla­
nation of symbolism is given in Jaffe and Orchin.^ In this dissertation 
the ground state from which the transition arises will not tie designated; 
only the final state will tie giver.. The reason for this is that it
^R. A. Friedel, Milton Orchin and Leslie Reggel, "Steric Hindrance 
and Short Wavelength Bands in the Ultraviolet Spectra of Some Naphthalene 
and Diphenyl derivatives," Journal of the American Chemical Society.
(19^3), p. 199.
-'H. H. Jaffe and M u Orchin, Theory and Application of Ultra­
violet Spectroscopy. (New York: John Wiley and Sons, Inc., 19^2),
pp. 29^-31b.
could not be ascertained from these data whether there are two sets of 
ground states or one, that Is whether there is a ground state for the 




a. Literature Surveyi Calculation of the electronic spectra of some 
nonalternate conjugated hydrocarbons by the semiempirical method of 
limited configuration Interaction have been done by J. Koutecky, P.
Hochman and J. Michl.^1 In their calculations using the semiempirical 
method of configuration Interaction (the Pariser-Parr approximation), 
they assumed equal bond lengths of 1,39 ^ and only nearest neighbor 
resonance integrals, which were given a common value of -2.318 eV.




where r ^ y  is the distance between the^th and uth carbon atoms. The 
only interactions considered were those between the ground configura­
tion and those of the monoexcited configurations. The only Inter­
actions used were those which proved to have a high probability of 
occurance. Using the method they calculated excitation energies of 
the tV electronic transitions for 95 nonalternate hydrocarbons. They 
also calculated the oscillator strengths for some of the compounds 
that were more interesting to them.
Included in their list were fluoranthene, 3,9-benzofluoranthene
^J. Koutechy, P. Hochman and J. Michl, o£. clt., p. 2939.
?N. Mataga and K, Nichimoto, Physik. (Frankfurt) 1J, 190 (195?) •
6
arvd 11, l2-b3nzofluoranthene for which they calculated the longest- 
wavelength absorption bands, all of which fit the spectra obtained by 
Wharton. The main point of interest here is that the longest wave­
length absorption band which they calculated had never been reported 
before the results were obtained in this laboratory.
The band assignments have been made for 1- and 2-phenylnaphthalene
Oand all three isomers of the benzfluorenes by Jaffe and Orchin. The 
assignments of the bands has been made mainly by comparison with those 
of naphthalene. The assignment of the naphthalene bands has been made 
by LCAO calculations ^nd experimentally by observing the effects of 
direct substitution on the ring and determining which bands were affected 
The effects on the various bands of extending the conjugation by substi­
tution are readily predicted. Extension in a given direction will 
primarily effect a band polarized in that direction.
Interesting differences occur in the spectra of 1- and 1-phenyl- 
naphthalene, and some of these differences are preserved in the spectra 
of compounds such as the benzfluorenes, which are related to the 
phe ny Inaphtha lenes.
The substitution of a phenyl group at the 1-position of naphthalene 
red-shifta and intensifies the band of naphthalene, obscuring the
^  band with considerable loss of vibrational structure. This spectral 
change is not as great as expected, and the small effect is probably due
®H. H„ Jaffe and M. Orchin^ o£„ clt., pp. 307-315*
3
qto steric effects keeping the rings from being coplanar. The change 
is not nearly as large as the change that occurs in going from diphenyl 
to p-terphenyl.
In 2-phenylnaphthalene the band is not well resolved and 
appears red-shifted. This tends to indicate the phenyl group can inter­
act more strongly with the naphthalene nucleus, because there is no 
hindrance to planarity. The 1 band is not shifted, but the 1 band 
has moved to 40,000 cm~l These facts are consistent with the extension 
of the conjugated system in the longitudinal direction.
1,2- and 2,3-Benzfluorene may be considered to be 2-phenylnaphtha- 
lenes with a methylene bridge between the phenyl and naphthalene rings.
The spectra of these two isomers resemble each other and both have the 
three bands characteristic of the 2-phenylnaphthalene spectrum.
The spectrum of j,4-benzfluorene has some resemblance to that of 
1-phenylnaphthalene in that they both have two main bands.^
The above mentioned classification of bands may be Justifiable 
in light of previous work on 1-phenylnaphthalene, hut after consideration 
of work done in this laboratory it appears that there are several other 
weak bands associated with 2-phenylnaphthalene. The transition around 
40,000 cm-1 in 2-phenylnaphthalene acts as if it is two superimposed 
electronic transitions. There is also a separate transition not 
previously reported in the rerion 30.000-26,300 cm7^ which could well
q7R. A. Friedel, M.. Orchin and L„ Reggel, op. pit., p. 199.
H„ Jaffe and M„ Orchin, op. cit. c pp. J09-313*
9
be the band of the whole molecule. There Is also resolved in the 
spectrum of 2-phenylnaphthalene at liquid nitrogen temperatures a band 
that looks much like a slightly perturbed ^ b a n d  of naphthalene.
These results have been interpreted to mean that the molecule is 
behaving in two manners, one in which it shows the characteristics of 
a single unit and one in which it shows the perturbed subsystem charac­
teristics. Now nomenclature and identification of the different 
transitions becomes a problem. It was decided simply to designate 
the transitions by reference to those of the subsystem molecules and 
those of the whole molecule, to use Platt nomenclature as a base, and 
to designate which of the two kinds of transitions is being identified 
by the Platt nomenclature.
Some work on steric hindrance and its effect on the short wave­
length bands in the ultraviolet spectra of some naphthalene and diphenyl 
derivatives has been done by R. A. Friedel, M« Orchin and L. Reggel.^
They concluded from their work that the 1,1-dinaphthyl shows the greatest 
effect of steric hindrance because its spectrum is closest to that of 
naphthalene; however, some resonance structures involving coplanarity 
probably need to be considered in the interpretation, since fine structure 
is diminished by loss of strain or steric hindrance in the molecule.
2,2iDinaphthyl is free of steric hindrance and its spectrum is radically 
different from that of naphthalene with a strong band at 3 9 ( 000 c®“ 3 a 
weaker band at 32,800 cm-  ̂ and a short wavelength band at V?,200 cmT^
^R. A. Friedel, M,. Orchin and L„ Reggel, op„ cit., pp. 199-204.
10
1 , 2-iDinaphthyl, as expected, has spectral properties that are inter­
mediate between the other two dinaphthyls.
The spectrum of 1-phenylnaphthalene resembles that of naphthalene 
and thus indicates strong steric hindrance; however, bathochromic shifts 
and greatly decreased fine structure indicate appreciable contribution 
from coplanar resonance structures. The aromatic rings of 2-phenyl- 
naphthalene can be coplanar, accordingly the spectrum is quite different 
from that of naphthalene. The spectrum of this compound is quite 
similar to that of 2,2-i-dinaphthyl. The spectrum of 2Amethyl-2- 
phenylnaphthalene shows steric hindrance something of the order of or 
greater than that in 1-phenylnaphthalene. Friedel, Orchin a>xi Reggel 
found that 1-cyclohexylnaphthalene gave the same spectrum as that of
1-phenyl-naphthalene except it had more fine structure.
These results would lead one to believe that there should be a 
fairly large difference in the position of the ^ b a n d  of 2-phenyl­
naphthalene from that of 1-phenylnaphthalene since the conjugation 
along the long axis of the naphthalene ring should be much greater 
in 2-phenylnaphthalene than in 1-phenylnaphthalene. Published data 
does not bear this out. dince 1 -phenylnaphthalene and 1-cyclohexyl- 
naphthalene have the same band positions, this would indicate there 
is not very much interaction between the subsystems of 1-phenylnaphtha­
lene.
11
b* Sxclton Theory; The theory of exciton interaction in composite
12molecules has been developed by Davydov.
Exciton theory is applicable to molecular aggregates composed of
interacting subsystems. The theory considers the optical properties
of a composite system to be determined by the optical properties of
the isolated molecules. Deviations of the electronic properties from
that of the isolated subsystems is considered to be due to the pertur-
11bation of the individual parts by each other. As a result of this 
interaction degenerate states may be split. This is referred to as 
exciton splitting. Also as a result of this interaction, it is 
impossible to say which subsystem of the composite molecule is excited 
since the excitation energy is transferred back and forth through the 
composite system (exciton transfer).
In the case of aromatic molecules the electronic transitions 
in the visible and near ultraviolet are determined by the pi electrons, 
therefore the interactions bet^en the molecules can be approximated 
by terms in the pi electron wavefunction. The Schrodinger equation 
can be written for each isolated subsystem, then a linear combination 
can be made which takes into account the interaction potential between 
the two subsystems and represents the total wave function for the 
dimeric molecule. This equation can be solved for the nontrivial
^A. 3. Davydov, Theory of Molecular Excltens, (New York: McGraw 
Hill Book Company, 1962^ pp. l^o-TbO.
^James H. irfharton, op. cit., p. ‘j .
cases. The energy equation (or solution) is made up of three terms. 
The first term is simply the transition ^nerry characteristic of 
the isolated subsystems. The second term is the lowering of the 
transition energy due to interaction of the ground state with the 
excited state. The third term is the exciton splitting which takes 
into account the following: dipole-dipole interaction, exchange of
electrons and the direction cosines.
In its present state exciton theory is very approximate in 
explaining quantitatively the spectra of composite molecules in 
which intermediate coupling between subsystems exists. It has been
Qused by Wharton for treating fluoranthene; it has not been used in 
this work but is briefly reviewed here to suggest its application 
when it is further refined.
c. Solvent Effectsi Since this research is not primarily concerned 
with a study of solvent interactions, there is discussed herein only 
that portion of solvent interaction theory which is relevant to the 
use of solvent interactions as a spectroscopic tool.
Solvent interactions with polyatomic solutes offer an excellent 
method by which to interpret seme aspects of the solute electronic 
spectra. Qualitatively, the solvent interacts with the solute mole­
cule through electronic potentials that result in changed energy states
for the solute molecule. The Interactions are mainly electric dipole
14interactions and have been theoretically treated by McRae.
The electronic absorption spectra of solute molecules show sol­
vent induced frequency shifts, which depend mainly upon (1) the electric 
dipole moment of the solute molecule in its electronic ground state,
(2) the electronic dipole moment of the solute molecule in its elec­
tronic excited state3, (3) the polarizability of both the solute and 
solvent molecules, and (4) the electric dipole moment of the solvent 
molecule.
The following relation is a simplified version of McRae's 
original e q u a t i o n . ^  The relation between electronic frequency 
shifts and solvent property is:
14E. G. McRae, "Theory of Solvent Effects on Molecular Elec­
tronic Spectra," The Journal of Chemical Physics, LXI (19 57), pp" 
5*2-572.
^Mitsue Ite, Kozo Inuzuka, ard Sunae Imanishi, "Effect of
Solvent on n pi+ Absorption Spectra of Ketenes," The Journal of
the American Chemical Society, LXXXII (1959), p. 1317-
Ii
A V  = dispersion forces+ 8
;~”2 " ■> i
"a * ' J
♦ c U - 1d + r - f\i - 1
in which AV = 'f- ̂ |T and ̂  is the vapor phase absorption frequency. B and 
C are constants characteristic of the solvent molecule. D is the 
dielectric coefficient and is the index of refraction measured 
with the sodium D line. B and J are .defined by the expressions
B = he
_L f ° ° ) 2 - (Mh ) :
2 ^oo (̂ tfo - **11)c = he aT
in which M^Q and represent the dipole moment vectors of the solute
molecule in the electronic grouna and electronic excited states re­
spectively. Onsager*s reaction radius for the solute molecule is "a**.
By selecting a series of nonpolar solvents, one may plot V""raax
verses the function njl ~1 , and a straight line having the slope B
* 'should be obtained. The dipole-dipole (last term) is essentially zero
since for nonpolar solvents * D„ By selecting a solvent series In
which the index of refraction is constant, but in which the dipole
moments vary, one may circumvent the effects of the middle terra. In
this case \T _ is plotted verses the function ^ \  giving a straight
max JTT~2
line having the slope C.
It is immediately apparent that by means of solvent shift studies, 
the change in dipole moment between the ground and excited electronic 
states may be determined, This information may re significant in
I1)
determining the electronic structure of An excited state and the type 
of electronic transition involved. For e x ample, an intramolecular 
charge transfer should show a large dipole chan -e icompari  son with
+■ 1 t ja normal pi-->pi transition.
^Jarnes H. Wharton, oji. cit. , pp.. L^-lh.
1'
J. Charge Transfer Spectra; The basic idea of charge transfer tran­
sitions is that the electronic transition corresponds to an electron 
transfer from the highest energy oocupieu molecular orbital of the pi 
base to the lowest energy unoccupied molecular orbital of the pi acid.
Thus, the electronic transition is dependent on both the pi acid and 
pi base. The electronic transition is dependent only on the pi base 
if the pi acid is held constant.
Such charge transfer can tarie place between different parts of 
the same molecule as well as between different mo l e c u l e s ^
Some molecules can give rise to two charge transfer bands; this 
is due to the fact that their highest filled molecular orbitals are 
degenerate. These two degenerate orbitals can be separated by substi­
tution on the nucleus; since all the carbon atoms are not used in each 
molecular orbital only the orbital which uses the substituted atom 
will be affected.^
^J. N. Murrell, "Steric Effects in Electronic Spectra," Journal 
dX tde Chemical Society. (1956), p„ }7?9-
1 ̂vArnold Zveig, "The Second Charge Transfer Band of Some Molecular 




1. Hydrocarbonsi Phillip's pure grade me thylcyclopentane, methylcyclo- 
hexane, isopentane, and j-me thy 1 pent m e  we re wu..h-- i t y stlrrinr them 
three times for 60 minutes with fuming sulfuric acid. Then they were 
rinsed consectively with water, saturated sodium carbonate solution an 1 
then water again. The solvents were dried over magnesium sulfate for 
at least 2^ hours and then distilled at the rate of 10 to 20 drops 
per minute. The still consisted of an electrically heated 2 liter 
single necked flask with a 3'C inch distillation column filled with 
glass beads. Solvents were considered to pe satisfactory when there 
was no appreciable absorption at wavenumbers larger than dy.bOQ cm~^ 
(2160 8) and there was no appreciable emission from the solvent.
?. 1,2,-Dichloroethanes This solvent was purified by the same
procedure used for the saturated hydrocarbons,
diethyl ether; Eastman speotrograde diethyl ether was used with­
out further purification.
4. Ethyl alcohol: Li. S. Industrial Chemical do, absolute alcohol
that, contained traces of benzene was used without further purifi­
cation. The benzene in the alcohol did not interl’er. The emission 
from the solvent glass in which it was used could only be detected
with very wide a 1 itwidths 1 tho ahaoe of trio omission wa3 different 
from that of any of the emissions recorded.
The Vh per cent ethyl alcohol from the same sour -e wuc. free 0 f 
benzene and was used without further purification.
'j. Cyclohexane ; Matheson Coleman ana -n 1J spectroscopic grade 
cyclohexane was used without further purification.
1. Compounds:
1. 1 -Phenylnaphthalene: K .v K Laboratories, Inc., commercial grade
1-phenylnaphthalene was vacuum sublimed twice. The absorption and 
emission spectra were run before and after purification. There was 
no change in either.
?. 2~ Phenyl naphthalene it K A K Laboratories, Inc., commercial grade
2-phenylnaphthalene was vacuum sublimed twice. This compound, which 
had a pale yellow color before purification, became colorless after 
purification.
1 2 * - Me t h.y 1 - 2 - p h o ny 1 na p h t h a 1 e ne a This compound was synthesized by
the procedure outlined by i i .  A. Friedel, M,. Orchin and L„ Reggel."'  ̂
Lithium metal was added to 2-bromonaphthalene m  a solution of ether 
and benzene. To th“ resulting naphthy11lthium was added 2-methyl- 
cy:lohexanone dissolved in ether,, After d. ‘j hours of refluxing with 
stirrinr, the mixture was decomposed with ice water. The organic 
layer was separated, dried, and concentrated by evaporation of 
solvents. The oil was heated at. lnj-1700 J for half an hour
1 -'h. A, Fr 11* lel, M, Orchin m i  L Jo-vre 1 . oju, el t. „ p 20
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with potassium bisulfate. The product was taken up in benzene, the 
solvent evaporated and the residue distilled. The fraction boiling 
at 132-150° (0.4 mm) was collected. This fraction was heated with 
palladium-on-charcoal catalyst at 320-360° for two hours. The material 
was distilled and chromatographed on alumina after dissolving in 
petroleum ether. The least strongly absorbed material (naphthalene), 
was discarded, and the balance of the product with the exception of 
some very strongly absorbed material was recovered. The crude product 
was then purified by recrystallization from methanol. The purified 
sample had a melting point of 46.0-46.5° C (reported value 4 5.7- 
48.0°). This material was then vacuum sublimed twice, but no changes 
occurred in either the absorption or emission spectra.
4. 2-Phenylquinoline; This compound was synthesized by the procedure 
outlined by Evans and Allen for 2-phenylpyridine. In this procedure 
one adds phenyllithium dissolved in ether to pyridine dissolved in 
toluene. The resulting mixture is continuously stirred while the 
temperature is kept at 110 G for 4.5 hours. This prcedure was 
applied to quinoline (boiling point 103=5-104.0° at 12 mm) in the 
place of pyridine. The resulting 2-phenylquinoline was extracted 
from the toluene solution with dilute hydrochloric acid, precipitated 
therefrom with sodium hydroxide solution, removed with ether, distilled 
and recrystallized from light petroleum ether (b. p. 60-80° C) until
*^J. C. W. Evans and C, F 0 H. Allen, "Preparation of Phenyl- 
pyridine," Organic Synthesis, Collectlve Volume II, p. 517. (194?) =
20
a constant melttng point of 82.5-83*0° 0 w^s obtained. It was then
21vacuum sublimed twice to be sure of its purity. The K. P. is reported
to be 82.5-83.0° C.
5. 2-Phenylqulnoline Hydrochloridet This compound was prepared prior 
to usage by saturating a solution of purified 2-phenylquinoline with 
dry hydrogen chloride gas. The solvent was 95$ ethyl alcohol or EPA.
6. 6-Brorao-2-phenylqulnollnet The procedure given by Evans and
20Allen for 2-phenylpyridine was applied to 6-bromoquinoline in the 
synthesis of this compound. The resulting 6-bromo-2-phenylquinoline 
was extracted from the toluene solution with dilute hydrochloric acid 
and then the same purification procedure was used that was used with
2-phenylquinoline. Recrystallization was continued until a constant 
melting point of 124° C was obtained. The compound was then vacuum 
sublimed twice. Since no reference to this compound could be found 
in the literature, the only evidences that can be given to support 
its identification are its absorption and emission spectra, which 
resemble that of a 2-phenylquinoline except for a shift of 10oX to 
lower energies and its elemental, analysis. The elemental analysis 
showed that carbon, hydrogen, nitrogen and bromine were present.
7. 1.2-Benzfluorer.et K & K Laboratories, Inc. commercial grade
21C. W. N. Cumper, R. F. A. Ginraan, and A. I. Vogel, "Physical 
Properties and Chemical Constitution. Part XXXVI. The Electronic 
Dipole Moments of Phenyl Derivatives of Some N-Heterocyclic 
Molecules," Journal of Chemical Society, (1962), pp. 4518-4524.
1,2-benzfluorene was vacuum sublimed twice. This resulted in slight 
changes in the absorption and fluorescence spectra. The compound had 
a slight yellow-green color in the Impure state, but this color was 
lost in purification.
8. 2.3-Benzfluorene; K & K Laboratories, Inc. commercial grade 
2, 3-benz.f luorene was vacuum sublimed twice, dome white compounds 
were removed by the sublimations. The absorption spectrum remained 
unchanged after the first sublimation. This compound is yellow-green 
in color.
9. 1.4-Benzfluorenei K & K laboratories, Inc., commercial grade
3,4-benzfluorene was vacuum sublimed twice. Some colored impurity was 
removed by this procedure. The absorption spectrum did not change 
after the first sublimation.
10. Tetracyanoethylene; Eastman Organic Chemicals commercial grade 
tetracyanoethylene was used without further purification,,
c . dpectral Measurements;
1“ Ultraviolet and visible absorption measurements; The absorption 
spectra of the compounds studied were obtained by the use of a Cary 
Model Recording Spectrophotometer. The wavelength measurements 
were good to ~ 3^ when read from the wavelength indicator. The re­
solving power of the monochromater is reported by the manufacturer 
to be 1̂ throughout the range of 1900-30,OOoX.
The solvents used for this work were spectroscopically pure.
The temperature was not controlled, however, room temperature was 
about 23° C, being partially controlled by a room thermostat. 
Absorption spectra of rigid solutions of most of the compounds at
liquid nitrogen temperature were obtained. These spectra were obtained 
by placing into the sample compartment of the Spectrophotometer a dewar 
filled with liquid nitrogen that surrounded a testube holding a solu­
tion of the sample. The spectra were recorded in the double beam manner 
with no sample in the reference beam.
2. Use of the Cary Model 14 Recording Spec tropho tome ter in Emission 
Studies: The Cary Model Recording Spectrophotometer was converted
for detection of emission spectra. For this work a special adapter 
was built to hold the sample dewar in such a way that front surface 
illumination from a monochroma ter was obtained. See Figure i . There 
was also designed by Howard Williamson a special phosphoroscope which 
would fit flush against the back of the Spectrophotometer in such a 
manner that the sample was approximately at the focal point of the 
optical system. The fluorescence or phosphorescence emission was 
admitted into the optical system of the Spectrophotometer by removing 
the tungston light source (visible source) and placing the sample 
where the light source normally would be. See Figure 1.
Fluorescence Emissions; Most of the Fluorescence emission spectra 
were recorded with the Gary Model id Recording Spectrophotometer to 
which a total emission apparatus was attached. The total emission 
apparatus, see Figure 1, was designed to give front 3urface excita­
tion.
Some of the fluorescences were photographed with a Steinheil
spectrograph; in these cases the exciting light was that of the 
General Electric A.H6 Mercury Arc after the light had been selected
F
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light Bourco In the back 
of the Cary Model 14 
riocording Spectrophotometer.
b .  Mounting block
C. Dewer
D. Teat tube containing sample.
E. Monochromatic light
F. Emitted light from uaruple.





Figure 1. Total Emission Apparatus
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by various filter combinations. In these cases the sample was excited 
from the side or back of the test tube used as a sample holder.
The fluorescences were obtained for most compounds both at room 
temperature and liquid nitrogen temperature. At liquid nitrogen 
temperature (77°K) some phosphorescences were also obtainable along 
with the fluorescences when the total emission apparatus was used.
The exciting sources used in this work were; a Hanovia 700 
watt Xenon Lamp, a Hanovia 1000 watt Mercury-Xenon Lamp and a General 
Electric AH6 Mercury Arc.
The monochromater used to isolate the light for exciting the 
sample was a Perkin Elmer Model 12 Infra-red Monochromater into which 
a quartz prism had been Inserted in place of the salt prism.
4. Phosphorescence Emissions; The phosphorescence emissions were 
those of rigid glassy solutions at liquid nitrogen temperature. The 
solvent glasses were the following; 5 0 -5 0 mixture by volume of 
methylcyclohexane and methylcyclopentane hereafter abbreviated PH;
5 parts diethyl ether, 5 parts isopentane and 2 parts absolute alcohol, 
hereafter abbreviated EPA and J methylpentane, which by itself forms 
a glass at liquid nitrogen temperature.
4
Most of the phosphorescences were isolated by means of a rotating 
disk Becquerel type phosphorescope. These phosphorescences were 
excited by either the full intensity of a General Electric AH6 
Mercury Arc or by the total radiation from a Hanovia 700 watt Xenon 
lamp.
Some of the phosphorescences were intense enough to be excited
by the reduced intensities available when excitation frequencies are 
selected by means of the monochromater- In those cases the afore­
mentioned total emission apparatus was used. The Spectrophotometer 
was used to record the phosphorescence emissions from all these mole­
cules observed by means of the total emission apparatus and was also
used for recording most of the other emissions.
Some of the phosphorescences were recorded with the Steinheil 
Spectrograph, but these spectra proved to be identical with those 
obtained by use of the Spectrophotometer. Consequently only a few 
phosphorescences were recorded by this photographic method because It 
required a much greater time per recording and was necessary only for 
very weak phosphorescences.
5„ Photographic Emission Studies; A Steinheil Spectrograph was 
employed for photographing some emission spectra. The Instrument 
was used with the three glass prisms arranged so that it would record 
the region 12,500 to 2 5,000 cm"' (8000 to 40008).
The density of the resulting photographic plat blackening was
measured with a Rausch and Lomb Recording Photometric Densitometer.
CHAFIER III
EXPERIMENTAL RESULTS AND CONCLUSIONS
Part I 
1-Phenylnaphthalene
a. Absorption Spectra of 1-Phenylnaphthalene•
Figure 2 shows the ultraviolet absorption spectra of 1-phenyl- 
naphthalene in PH at room temperature and 77°K« See Table 1 for 
absorption frequencies at room temperature and 77°K„ At least 
three different electronic transitions appeal- in the spectrum at room 
temperature. The wavelength of maximum absorbancy of these structure­
less transitions, going from lower to higher energies are: 35.000
cm- ' (2860 X ) ,  and 43,000 cm” ' ' (2320 X ) ,  and 46,000 cm''(21 50 X) re-
ospectively. At 77 K structure appears on the low energy side of the 
-  135.000 cm transition. The positron of maximum absorbancy of the new 
bands appearing at 77°K is difficult to define; the band extends from
about 25,600 cm'1(3900 A) to about 31.900 cm (3130 X)  and probably
represents the transition to the 'l state for the whole molecule.b
However work to be described later suggests that this region may 
contain two bands, one centered around 3 1 . 3 0 0 cm' ' ( 32 00 X) and the 
other centered around 28,500 cm” ' ( 3 500 X ) .  The transition at 3 1 .3 0 0  
cm-1 (3 2 0 0 X )  very likely corresponds to the transition to the 
state of naphthalene while the other one at 28,500 cm” ' (3500 X )  i s  
probably characteristic of the whole molecule. The band at 35.000
26
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cm " 1(2860 X )  is little changed in position but does show greater structure 
at 77° K than at room temperature„ It seems likely that this band too 
harbors two transitions. The higher energy region probably corresponds 
to the 1L^ region of a raonosubstituted benzene while the lower energy 
region probably corresponds to the 1La region of a monosubstituted 
naphthalene.
Further evidence for the afore mentioned assigrments can be obtained 
from a comparison of the spectra of a 1-substituted-naphthalenes with 
those of 1-phenylnaphthalene. Absorption spectra of 1-chloro-, 1- 
bromo- and 1-iodonaphthalene are given in Figure 3. In the 1-chloro-, 
1-bromo- and 1-iodonaphthalenes, the 1L^ transition is resolved into 
at least five vibrational bands in the region 3 0 ,0 0 0 through 3 3 . 3 0 0  
cm" 1 (3330 through 3000 X ) .  The position of these vibrational bands 
are: 30,800 cm-1(3250 X ) ,  31,200 cnf1 (3 2 00 X ) ,  31.700 cm-1(3150 X ) ,
3 2 ,3 0 0  cm 1 (3100 X )  and J3.100 cm" 1 (3 1 2 5 X ) .  It will be noticed 
that these bands are in exactly the same region as those assigned to 
the 1Lj;i transition of 1-phenylnaphthalene. These bands are very weak 
in comparison to those of the 1 transition of the 1-halonaphthalenes.
The 1L_ transition of 1-chloro-, 1-bromo- and 1-iodonaphthalenes
a
shifts to lower energies as one goes to the more polarizable sub­
stituents. The 1L transition in all three of the 1-halogenated3.
naphthalenes has at least six or seven vibrational bands.
The 1L^ transition of 1-chloronaphthalene has its vibrational 
bands at 3 3 ,9 0 0 cm" 1 (2950 X ) ,  34,500 cm"1(2900 X ) ,  35,200 cm’ 1 
(2840 X ) ,  2 5 , 7 0 0 cm"1(2800 X ) ,  36,600 cm"1(2730 X ) ,  3 7 ,7 0 0 cm*1

(2650 X) and 39,200 cm-1(2550 X).
The 1L transition of 1-bromonaphthalene has its vibrational bands a
at 33,800 cm-1 (2960 X), 34,400 cm"1 (2910 X), 35,00 cm'1 (2860 X), 35,200
cm-1 (2840 X), 35,500 cm-1 (2820 X), 36,500 era'1 (2740 X), 37,700 cm'1 
(2650 X) and 38,500 cm*1(2600 X).
The 1L^ transition of 1-iodonaphthalene has its vibrational bands
at 32,700 cm-1(3060 X), 3 3 .3 0 0 cm ' 1 (3000 X), 34,500 cm'1(2900 X),
3*1,700 cm-1 (2880 X), 35,000 cm-1 (2860 X), 35,800 cm-1 (2790 X),
37,200 cm*1(2690 X) and 38,500 cm" 1 (2600 X).
The comparison of 1-phenylnaphthalene with the 1-halonaphthalenes
may not be as bad as it might first appear. The polarizabillties are
20 ,about the same for both groups: 1-chloronaphthalene n~ 1.63321,
19.*+ 141-bromonaphthalene n^= 1.6 5 8 7 6, and 1-iodonaphthalene n^= 1,70540
20 18while that of 1-phenylnaphthalene is n^= 1.6646 or n^= 1.6692. The 
polarizabilities can be related to the index of refraction by the 
equation
n - 1 ~ z7t Na
where "n" is the index of refraction, **N" is the number of atoms per 
cubic centimeter and rta** is the polarizability. **NH depends on the 
molecular weight and the density, and in the case of 1-bromonaphthalene 
the molecular weights are about the same. The 1-halonaphthalenes and
1-phenylnaphthalene all belong to the same symmetry group.
Figure 4 gives the absorption spectra of monochloro-and monobromo- 
benzene. It will be noted that the 1L^ transition occurs in the 36,400 
cm'1(2750 X) through 41,700 cm 1(2400 X) region with very low inten­
sity. The 1L transition occurs in the 45,500 cm-1 (2200 X) througha

33
49,300 cm- 1 (2030 8).
b. Emission Spectra of 1-Phenylnaphthalene:
Figure 3 shows the fluorescence and phosphorescence of 1-phenyl­
naphthalene in PH, See Table II for the frequencies of the fluorescence 
and phosphorescence bands. The intensities are not comparable because 
the spectra were obtained under two different sets of experimental 
conditions. The wavelength of maximum intensity of fluorescence is
29,400 cm- ^(3400 X ) .  This was the only detectable fluorescence coming 
from this compound at room temperature. The fluorescence intensity 
is much greater than the phosphorescence intensity.
The phosphorescence of 1-phenylnaphthalene is made up of two
different emissions. The first band of the low energy phosphores-
- 1 °cence is at 19,600 cm” (5150 A.). This low energy phosphorescence 
has a much longer half-life than the high energy one, and it is 
also more intense.
The second emission which comes through the Becquerel phosphore- 
scope appears to be a delayed fluorescence. Its first high energy 
band is located at 2 6, GOD cm' ̂ (3850 X ) .  If one now compares this 
emission with the low energy bands of the 7?°K absorption spectra 
(Figure 3) and the splittings are calculated, one finds that the 
splittings in the absorption spectrum ares 1530 and 1900. The 
corresponding separation in the fluorescence bands are: 9?0, 1400
and 1000 cm-  ̂ respectively. This agreement is not very good but 
this could be due to the fact that the absorption bands were not 
very distinct.














% cm  ̂ A cm*^
3400 29,^10 3850 25,970
3460 28,900 4000 25,000
3550 28,170 4240 23,580
4415 22,640
Phosphorescence at 77°K 
ft cm 1
5150 19,420




It was concluded that the high energy fluorescence and the phos­
phorescence were coming from the naphthalene part of the molecule, while 
the low energy delayed fluorescence was coming from the whole molecule. 
c ° Charge Transfer Studies on i - Phenylnaphthalene;
The charge transfer spectra of 1-phenylnaphthalene-TCNE complex 
and naphthalene-TCNE complex are shown in Figure 6. TCNE is an abbre­
viation used for tetracyanoethylene. Two charge transfer bands are
22observed for each doner molecule.
In the naphthalene-TCNE complex, the low energy transition lies 
at 18,200 cm ^ (5500 8) while the high energy transition lies at
23,300 cm" ̂ (9-290 8). The two absorption bands have essentially the 
same intensity.,
In the 1-phenylnaphthalene-TCNE complex, both bands are shifted, 
but the same relative Intensities as those in naphthalene are main­
tained. The high energy charge transfer band lies at 23,950 cm-^
(9-175 8). there is also a higher energy shoulder located at about
27,000 cm 1(3700 8). The low energy 16,900 cm ^(5900 8) band has 
shifted to the red while the high energy 2 3 ,9 5 0 cm' band has shifted 
to the blue as compared with naphthalene. This is not apparent in 
Figure 6 due to the small size of the drawing. In the original 
spectrum there is also a definite shoulder at 2 7 , 0 0 0 cm~\ which 
is not very definite in the smaller reproduction. The apparent 
blue shift of the 23, 300 cm ' (9-290 8) band of naphthalene may be
22Arnold Zweig, o£„ clt. „ pp. 89-99.










Figure 6. Absorption spectra of 1-phenylnaphthalene-TCNE and 
Naphthalene-TCNE complexes in 1,2-dichloroethyleno.
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caused by the appearance of the onarge transfer band of the benzene-
TCNE complex in the case of 1 ■ phenylnaphthalene„ The benzene-TCNE
2 2complex is reported to appear at 2b,000 cm“ '(389-0 8 ). The sum of
these two bands, since they are both broad, could result in an apparent
blue shift in the case of 1-phepylnaphthalene. Evidence for the
existence of a benzene band is found at 2 7 ,0 0 0 cm \ 37OO 8 ).
Comparison of the absorption spectrum of 1-phenylnaphthalene- 
TCNE complex with that of naphthalene-TCNE shows two apparently 
different effects if the 2?,000 cm*' band of benzene-TCNE complex 
does not exist.,, These effects are the shifting of the high energy 
band to higher energies and the shifting of the other band to lower 
energies. In the case of the benzene-TCNE complex, the 26,000 cm~^
(3890 8 ) band can be shifted to 2 7 , 0 0 0 cm" ̂ (3700 8 ) by going to 
monochlorobenzene-TCNE complex, but a corresponding substitution 
in the two position of naphthalene leaves the 2 3 ,3 0 0 cm ^(9290 8 ) 
band alone and moves the 18,200 cm \ 53OO 8 ) band of naphthalene- 
TCNE complex to 19,100 cm 1(5225 8 ) in 2- chloronaphthalene-TCNE 
complex. This tends to indicate that the interpretation of these 
spectra* is fairly complicated.
The specific purpose of this charge transfer work was to examine 
the 1-phenylnaphthalene-TCNE charge transfer spectrum for naphthalene 
and benzene cliaracteristics. The additional compounds were included 
for comparative purposes only. The conclusions are that 1-phenyl- 
naphthalene does show definite naphthalene characteristics in its 





a* Absorption Spectra of 2-Phenylnaphthalene:
The absorption spectra of 2-phenylnaphthalene was determined in 
PH at room temperature and 77°K (Figure 7 ). There was a difference 
in the spectrum from that previously reported.^ The difference is 
that in the 3 0 ,0 0 0 cm" 1 (3 330 8 ) through 2 3 ,6 0 0 cm" 1 (3900 8 ) region 
there was found a number of weak absorption bands„ That these bands 
were due to the 2-phenylnaphthalene was indicated by the observation 
that further efforts towards purification of the compound did not 
eliminate the bands or change their relative intensity with respect 
to the other absorption bands„ The three weak bands have the frequen­
cies listed below*
1 Extinction Coefficient
Band cm 8 in liters/mole cm_____
1 26,500 3770 370
2 28,000 3590 920
3 29,9-00 39-00 39-0
Bands 1 and 2 each were resolved Into two peaks at liquid nitro­
gen temperature. See Figure 7. Ia both cases the peak of lower energy 
is the more Intense. Band j appears to be resolved into three peaks 
of about equal Intensity although this may be misleading due to this 
band being on the foot of a much larger transition. There appears to 
be another set of partially resolved bands at slightly higher energies; 
this set of bands probably extends into the region of band 3 and
A. Friedel and M„ Orchin, op. cit., p. j10.
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Figure f .  Absorption spectrum of g-phenylnaphthalene in PH.
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contributes to its apparent band structure. The partially resolved
band system which is accentuated at liquid nitrogen temperature is
- 1 0centered at approximately 3 0 ,0 0 0 cm (3250 A) and is probably 
representative of a transition similar to that to the 1L^ transition 
of naphthalene. Further evidence for this conclusion will be dis­
cussed later.
The broad band centered around 35.000 cm (2860 %) is resolved 
into three peaks at the lower temperature. These are centered at 
33,200 cm"1 (3010 X ) ,  34,500 cm"1(2900 X )  and 3 5 .7 0 0 cm"1(2800 X ) 
in PH at 7?°K. This band is probably equivalent to that to the 
1L state in naphthalene and might include a transition equivalentcl
to that to the 1L^ state of benzene. Further evidence will be given 
later. The other higher energy bands were unobtainable at 77°K due 
to scattering by the solvent glass.
There are at least two other electronic transitions apparent 
in the room temperature absorption spectrum. Two bands which may 
be part of one transition are centered at 39.200 cm- 1 (2550 X) and 
40,500 cm"1(24yo X). Another band representing another electronic 
transition is centered at 47,200 cm 1(2130 8). There is still 
another transition at higher energies which was out of the range 
of the instrument used.
Further evidence for the afore mentioned assignments may be 
obtained by comparison of the 2-phenylnaphthalene spectrum with 
the spectra of the 2-halonaphthalenes and the raonosubstituted 
benzenes. The absorption spectra for the 2-halonaphthalenes are
42
given in Figure 8. For the monosubstituted benzenes refer back to Figure
4. Referring to Figure 8 it can be seen that the 1 transition of 
either 2-chloro- or 2-bromo-naphthalene is resolved into at least 5 
vibrational peaks. The position of the peaks of the 1L^ transition 
followi 3 1 , 1 0 0 cm- 1 (3 2 2 0 X) ,  31,800 cm'1(3140 X ) ,  3 2 , 5 0 0 cm'1(3080 X )
and 32,800 cm'1 (3050 X ) .  It will be noted that these bands a r e  In
exactly the same region that the solvent studies on 2-phenylnaphtha- 
lene seemed to Indicate a mixture of transitions.,
The peaks of the 1Lfl transition of 2-chloro- and 2-bromonaphtha- 
lene are located at : 34,600 cm'1(2890 X ) ,  36,000 cm- 1 (2?80 X ) ,
36,900 cm'1 (2?10 X ) ,  37,300 cm'1(2680 X ) ,  38,000 cm“ 1(2630 X ) ,
38,600 c m - 1 (2590 X ) ,  39,200 c m " 1 ( 2 5 5 0 X )  a n d  40,200 c m ' 1 (2490 X ) .
Comparing this with the spectrum of 2-phenylnaphthalene and con­
sidering loss of vibrational structure through interaction with the 
phenyl group, one finds that the 35,700 cm'1(2800 X )  band of 2- 
phenylnaphthalene fits with the 3 7 ,3 0 0 cm” 1(2680 X )  band of either
2-chloro- or 2-bromonaphthalene„ the 34,500 cm-1(2900 X )  band fits 
with the 36,000 cm 1 (2780 X )  band, and the 33,200 cm ' 1 (3010 X )  fits
w i t h  t h e  34’,t->00 cm-1 (2890 X )  band.
The 1 transition of 2-chloro- and 2-bromonaphthalene is 
situated at 43,900 cm 1(2280 X ) ,  there is also a shoulder on this 
band situated at 44,800 cm ' 1 (2 2 3 0 X )  in 2-chloronaphthalene or
44,400 cm ' 1 (2 2 5 0 X )  in 2-bromonaphthalene. Comparing these spectra 
with the spectrum of 2-phenylanphthalene it appears that the 1B^ 
transition for the whole molecule is located at 40,500 cm 1(2470 X)

and 39,200 cm-1 (2550 X), there also appears in the spec + *'’>m a weak band
at *+4,9-00 cm”1 (22 50 X) which could very well be the 1 transition
characteristic of the naphthalene subsystem.
Referring to the monohalogenated benzenes one can see from a
comparison of these spectra with that of 2-phenylnaphthalene that
the 1L, transition of benzene could be located in the 38»500 cm 1 b
(2600 X) through 35,100 cm 1(2850 X) region and the 1La transition 
could be the cause of the fairly weak band at 47,100 cm (2125 X) in 
the spectrum of 2-phenylnaphthalene.
It was concluded that the electronic spectrum of 2-phenyl­
naphthalene could be interpreted to consist of transitions charac­
teristic of the perturbed benzene and naphthalene subsystems as 
well as some transitions characteristic of the molecule as a whole.
It was also concluded that the band assignment reported by Jaffe 
24and Orchin is not entirely correct.
b. Solvent Studies:
The solvent studies were performed In order to try to group
together bands belonging to the same transition. Table III gives
the frequencies for all the observed bands and shoulders along with
n2 .the data used in order to plot ^  ax verses d“ . All the plots 
gave nice straight lines except those in the region 32,300 cm 
(3100 X) through 29,400 cm'1(3400 X), This confusion In this region
^ R .  A. Friedel and M. Orchin, o£. cit., pp. 307-309.
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TABLE III
Absorption Frequencies of the Electronic Transitions in 2-Phepyl- 
naphthalene as a Function of Solvent and the Absorption Frequencies 
at 77°K in PH.
Solvent Studies
Solvent nd“1 I II III IV V VI
2n^+1d
n-hexane 0.186 2 6 ,5 6 0 26,940 28,409 29,762
n-heptane 0.191 26 ,511 2 6,932 27, 956 28,369 29.955 29,789
n-octane 0.194 2 6 , 4 9 0 2 6,903 27, 941 28,369 29,938
n-no nane 0.197 26,469 2 6,889 27. 933 28, 353 29,412 29,851
slope X1Cp -0.17 -0. 17 -0 .26 -0 . 2 6 -0.14 +0.10
VII VIII IX X XI XII XIII XIV
36, 200 39.401
30,855 33,818 35,125 36, 166 39,401 40, 6 1? 44, 366 47, 125
30,798 39,370 40, 586 44, 170 47, 015
30,845 33,898 35,026 3 0,101 39,355 90,552 44, 150 47, 015
-0 . 1 7  +0 .10 -0 . 0 7  -0 .09 -0.14 -0. 1 1 -0. 00002 -0. 00002
Absorption Frequencies of 2-Phenylnaphthalene in PH at 77°K„
ft cm" ̂ ft cra~ ̂
3810 26,250 3350 29,850
3750 26,670 3250 30.770
3610 27,700 3010 33,220
3570 28,010 2900 34,480
3430 29,150 2800 35,710
3390 29,500
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was interpreted to mean that there must be more than one transition 
in this region.
All transitions show some solvent shifts, the shifts are small 
in all cases. The bands move to the red as the index of refraction 
increases. This behavior is that expected from effects of dispersion 
forces.
The absorption spectrum was measured in acetonitrile and diethyl 
ether which have essentially the same index of refraction but have 
significantly different dipole moments. No measurable frequency 
shifts were observed in going from ether as solvent to acetonitrile.
If an intramolecular charge transfer transition had occured it should 
lead to a large change in the dipole moment of the excited state, 
which should cause large shifts in the absorption band in going 
to the more polar solvent. It is therefore concluded that the shifts 
observed in the nonpolar solvents are the result of dispersion forces 
and that the dipole moments of the excited states of 2-phenylnaphtha­
lene differ very little from the dipole moments of the ground state.
This excludes the possibility of an intramolecular charge transfer 
transition in the spectral region studied. 
c„ Emission Spectra of 2-Pherxylnaphthalene;
Figure 9 shows the fluorescence and phosphorescence emissions 
of 2-phenylnaphthalene. There were observed two fluorescences and 
two phosphorescences. The intensities of the fluorescences and 
phosphorescences can not be compared since they were obtained under 
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Figure v. Fluorescence and phosphorescence emissions of 2-phenyl­
naphthalene in PH at 77°K.
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at room temperature while the phosphorescences are only observed from 
rigid glassy solution at ??°K, Table IV gives the positions of the 
centers of the bands of all the emissions from 2-phenylnaphthalene.
Figure 10 shows a summary of the absorption, fluorescences and phos­
phorescences of 2-phenylnaphthalene.
The 2 7 ,0 0 0 cm 1 (3700 X) to 20,000 cm 1 (5000 X )  fluorescence 
is excited by irradiation between 30,800 cm \ 325O 8) and 26 ,0 0 0  
cm"1(3850 8 ) .  The 30,300 cm- 1 (3300 X )  through 2 5 ,0 0 0 cm-1(4000 X) 
fluorescence is excited by irradiation from 30,800 cm*1(3250 X) 
through 37,000 cm 1(2700 X ) .  If exciting irradiation of 39,200 
cm"1 (2550 X )  or +̂0 , 5 0 0 cm-1 (2^50 X )  is used one obtains about equal 
intensities of both fluorescences. These results were obtained at 
25°C by selecting an exciting frequency by use of a Perkin Elmer 
Model 12 Monochromater and using the Cary Model 14 as a detector to 
scan the emissions. By this procedure one does not obtain the 
excitation spectra of a single band, but instead one obtains a 
series of spectra excited at different wavelengths. If one now 
compares the relative Intensities of the bands in the spectra so 
obtained one can obtain essentially points on the excitation 
spectra of the whole emission.
Comparing the absorption bands in Figure 10 with the fluo­
rescence bands it can be seen that the low energy fluorescence 
(2 7 ,0 0 0 through 20,000 cm 1 or 3700 through 5000 X )  has a mirror 
image relationship with the absorption bands between 29,^00 cm” 1
4 9
TABLE IV




-1cm % F2 -1cm
3360 29.800 3860 25,900
3420 29,200 4080 24,500
3540 28 , 200 4310 23 ,200





X -1cm I -1cm
4180 23.900 4915 20 ,300
4310 23 ,200 4960 20,200
4480 22 ,300 5280 18,900
4630 21,600 5640 17 ,700
4690 ro 0 0
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(3̂ +00 ft) and 26,500 cm 1(3770 ft) at room temperature. The separation 
of the fluorescence bands is similar to the separation of the absorptii 
bands (1400 cm” 1 in absorption compared with 1500 cm in the fluo­
rescence). Comparing the absorption bands in Figure 10 with the high 
energy (3 0 ,3 0 0 to 2 5 , 0 0 0 cm 1 or 3300 to 4000 ft) fluorescence there is 
no obvious mirror image relationship with any of the absorption bands. 
There is a superficial mirror image similarity to the bands of the
3 3 ,0 0 0  cm- 1 (303O ft) through 3 6 ,0 0 0 cm-1 (2780 ft) transition but the 
vibrational separation between the bands in this region is 1250 cm7 1 
while the separation between the fluorescence bands is only 800 cm"*] 
There is also too large a separation between the low energy part of 
this absorption sequence and the high energy part of the fluorescence. 
The only absorption bands having an approximate 800 cm”  ̂ separation 
are poorly defined shoulders in the 3 0 ,7 0 0 cm- ^ (3260 ft) and 2 9 ,9 0 0  
cm” 1(3350 ft) region. This is the same region in which the solvent 
studies revealed no consistant slope, but indicated the existence 
of another transition. It seems feasible to identify the 30,300 
cm' 1 (3300 ft) to 25,000 cm-1(4000 ft) fluorescence with the partially 
obscured absorption in the 29,000 cm 1 (3450 ft) to 3 2 ,3 0 0 cm" ' 1 (3100 ft) 
region, which can be definitely identified In the substituted 
naphthalenes.
Using a rotating disk Becqueral Phosphorescope and a General 
Electric AH6 Mercury Arc for excitation one obtains two phosphores­
cences from 2-phenylnaphthalene. The weaker phosphorescence Is
the 24,700 can (4050 X) through 21, 000 cm"1(4750 X) phosphorescence, 
which consists of five bands that can be seen in Figure 10. The
20,000 cm-1(4800 X )  through 1 6 ,6 0 0 cm 1(6000 X )  phosphorescence 
looks like that of 1- or 2-substituted naphthalenes in general with 
respect to relative band intensities and general spectral charac­
teristics.
The type of selective excitation described previously was per­
formed on 2-phenylnaphthalene in order to determine which absorption 
bands were most efficient for exciting the different fluorescences 
and phosphorescences. This work was done with the use of the total 
emission apparatus in conjunction with the Cary Model 14 Recording 
Spectrophotometer. The main disadvantage of this arrangement was 
that the low energy fluorescence completely covered the high energy 
phosphorescence, thereby making it impossible to determine the 
excitation dependance of the high energy phosphorescence.
It was found that the low energy phosphorescence was excited 
by energies greater than 29.700 cm'1(3350 &). This tends to in­
dicate that the low energy phosphorescence is not due to the molecule 
acting as a whole, but due to one of the subsystems only, namely the 
naphthalene part. When energies less than 29.700 cm  ̂ were used no 
detectable phosphorescence was obtained. In other words the bands 
in the 26,000 cm-1(3850 8) through 29.900 cm- 1 (3350 X) region give 
rise to no detectable phosphorescence. These absorption bands were 
therefore interpreted to be bands due to the molecule in the planar
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configuration acting as a single unit. The probable reason for not 
observing any phosphorescence characteristic of the whole molecule 
is that the molecule does not remain planar long enough in the 
excited state to maintain a triplet state peculiar to the whole 
molecule.
Further evidence for part of the emissions coming from the 
subsystems can be obtained by comparing the emission spectra of 
2-phepylnaphthalene with the emission spectra of 2-ohloro- and 2- 
bromonaphthalene. The emission spectra of 2-chloro- and 2-bromo- 
naphthalene are given in Figure 11. 2-Bromonaphthalene shows an 
extremely weak fluorescence due to the heavy-atom spin-orbital 
coupling effect caused by the presence of the bromine atom. The
presence of the heavy atom simply increases the S -T crossing
probability.
The fluorescence spectrum of 2-chlorenaphthalene extends from 
3 2 , 3 0 0 cm (3100 2) to 26,300 cm (3600 X )  and l a s  the same two 
peaks and a shoulder characteristic of both 1- and 2*phenylnaphtha­
lenes high energy fluorescence. The peaks in the fluorescence of 
2-chloronaphthalene are located at 30,800 cm ‘ 1(3250 8), 3 0 ,0 0 0 cm 
(33^0 X )  and 28,4-00 cm” 1 (3220 X ) . One finds the vibrational sepa­
ration for 2-chloronaphthalene to be 800 cm-  ̂ and 1 ,6 0 0 cm ] while 
that for 2-phenylnaphthalene is 800 cm~1 and 1,400 cm” 1 respectively.
If one new compares the phosphorescence spectrum of either 
2-chloro- or 2-bromonaphthalene with the low energy phosphorescence
—  FIuoreaconee of 2~Chloronaphthaleno (77°K) 
Absorption (2‘p°C)
50077^
F: ho spho r esc eric e o f  2 - bromonspht ha lone (77°^)
40060 U
Wavelength mu
Figure 11. Fluorescence and phosphorescence emissions of 2-chloro- 
and 2-bromonaphthalene in methylpentane at 77 K.
of 2-phenylnaphthalene one finds the two are very similar as far as 
hand shape and relative intensities are concerned. Using very narrow 
slits one finds that the two bands centered at 20,600 cm 1(9850 X) and 
19.9-00 cnT^(5150 X) are resolved into four peaks each. The shoulder 
at 18,200 cm“ ^(5500 X) shows no structure under these conditions. The 
main difference in the two spectra is that the spectrum of 2-phenyl­
naphthalene is shifted to the red by about 300 cm"^ for the 2 0 ,3 0 0  




a. Absorption Spectra of 2*Methyl- 2-phenylnaphthalene :
Figure 12 shows the absorption spectra of 2*methy 1-2-phenyl­
naphthalene in 3-methylpentane at 25°C and 77°K. The spectrum con­
sists of at least five different electronic transitions. The first 
transition consists of two shoulders at 29. 000 cm'1 (3^50 X) and
29.500 cm'1(3390 8). These are probably part of the 1 transition 
characteristic of the whole molecule. The 1 transition charac­
teristic of the naphthalene part of the molecule is fairly well 
resolved in this compound and is located at 3 ' . 5 0 0  cm-1(3170 X )  with 
a shoulder at 3 1 . 1 0 0 cm-1(3200 X ) .  The other transitions are more 
intense and are cantered at 36,900 cm-1(2750 X ) ,  91,700 cm-1(2900 X )  
and 9 5,200 cm'1(2210 X ) .
There are three obvious differences between this absorption 
spectrum and that of 2-phenylnaphthalene. First, the bands in the 
region 29,900 cm 1 (39-00 X )  through 26, 500 cm 1 (3760 X)  of 2-phenyl­
naphthalene are greatly diminished in intensity in 2-methyl-2- 
phenylnaphthalene„ This is what would be expected since the mole­
cules can not easily assume a planar configuration due to steric 
hindrance. The second difference is that the 36,600 cm” 1(2730 X )  
through 32,800 cm 1(3050 X )  transition of 2-phenylnaphthalene has 
shifted to 38,500 cm'1(2600 X )  through 33,100 cm' 1 (3020 X )  in 2i 











Figure l Absorption spectrum of Jimethy1-j-phenylnaphthalene 
in J-methy1pentane.
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transition of the naphthalene subsystem to higher energies than it Is 
in 2-bromonaphthalene by about 500 cm- ! The third major difference 
is that now the transition of the benzene subsystem is located
at 36,900 cm- 1 (2?50 X )  while the *B^ transition of the naphthalene 
subsystem has been shifted to higher energies than it is In 2-bromo­
naphthalene by about $00 cm-! The transition of the naphthalene 
subsystem is now located at *+4,400 cm~ ^ ( 2 2 5 0 X ) .
It was concluded that in 2imethyl- 2-phenylnaphthalene the sub­
system bands are very evident and that there are only traces of bands 
due to the molecule acting as a single unit. It was also concluded 
that there is very little interaction between the subsystems; this 
is Indicated by the shift to higher energies of the transitions 
characteristic of the naphthalene subsystem. There is a strong resem­
blance between the absorption spectrum of 2-methyl-2-phenylnaphthalene 
and that of 1-phenylnaphthalene.
bo Emission Spectra of 2tMethyl-2-phenylnaphthalene;
Figure 13 shows the fluorescence and phosphorescence spectra for 
2lmethyl-2~phenylnaphthalene in 3-methylpentane at 77°K„ The intensi­
ties are comparable since they were obtained under the same conditions* 
Only one fluorescence was observed in this case. It consists of a 
band in the 3 1*30 0 cm~ * ( 3 2 0 0  X )  to 2 5 ,0 0 0 cm“ 1 (4000 X )  region. The 
vibrational peaks appear at 30 , 900 cm~*(3240 X ) ,  30,400 cm- * (3290 X ) ,
29,900 cm (3^50 X )  and 27,700 cm” *(3 6l0 X ) .  The vibrational separation 
in these bands are: 500, 500, 900 and 1300 cm * respectively. The only
—  Fluorescence (77°^) 





Figure If. Fluorescence and phosphorescence of t?-methyl-<?-phenyl- 
naphthslene in f-met.hylpentane.
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-1absorption bands that can be assigned are located at: J1 .1 0 0 cm
(32 20 St) and 31,900 cm-1 ( 3 180 X ) ;  the other bands of this transition 
are covered by the next higher transition. The vibrational separation 
in these bands is 900 cm~] which is reasonable when compared with 
500 cm-1 for the separation in the first fluorescence bands.
If one compares the shape of the fluorescence from 2-methyl- 
2-phenylnaphthalene with than of the high energy fluorescence of 
2-phenylnaphthalene it becomes immediately apparent that the two 
are very similar in shape as well as location. If one compares the 
fluorescence from 2imethyl-2-phenylnaphthalene with the fluorescence 
from 2-chloronaphthalene it is seen that these two are very similar 
and these are even closer as far as location of the center of the 
emission is concerned.
2lMethy1-2-phenylnaphthalene gives what appears to be two 
phosphorescences. The 21,300 cm '(9700 X) through 1b,60G cm 
(6000 X) phosphorescence Is very similar to that of 2-bromo­
naphthalene (See Figure 11). The main difference is a slight 
loss of structure and in tnis case only three secondary vibra­
tional peaks are observed on the vibrational bands instead of four 
as in the case of 2-bromonaphthalene. The vibrational separations 
in 2lmethyl-2-phenylnaphthalene are: (for the 2 0 , 9 0 0 to 2 0 ,6 0 0
cm ') 300 cm“ ] (for the 2 0 ,6 0 0 to 20,9-00 cm ) 200 cm*] (for the
19,900 to 19 ,0 00 cm'1) 900 cm*1, (for the 18,000 to 17,990 cm‘ 1)
10 cm*] and (for the 18,000 to 17,?00 cm"') )00 cm*] If one 
compares these with the corresponding vibrational separations in
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2-bromonaphthalene on© finds they are the same. This proves that the 
low energy phosphorescence is coming from the subsystem and not from 
the whole molecule.
There Is also a high energy structureless tail on the phosphor­
escence of 2-methyl-2-phenylnaphthalene between 2 5 ,0 0 0 cm- ^(4000 X )  
and 2 1 ,3 0 0 cm (4700 X ) ,  which is the same region that the second 
phosphorescence from 2-phenylnaphthalene occurred.
Table V gives the fluorescence and phosphorescence emission 
frequencies of 2linethyl-2-phenylnaphthalene.,
It was concluded that in the case of 2imethyl-2-phenylnaphthalene 
the emissions all arise from the subsystems.
6 2
TABLE V
Absorption Frequencies with Fluorescence and Phosphorescence Emission 
Frequencies of 2-Methyl-2-phenylnaphthalene in 3-Methylpentane at 77°K.
Absorption
X  a . - 1 X  c m - '
3180 31.400 2830 35. 300
3080 32.500 2730 36,600
2920 3^ .2 0 0 2620 38,200
Fluorescence
- 1cm*
3280 3 0 ,5 0 0
3350 29,800
3450 29,000
3610 2 7 ,7 0 0
Phosphorescence
o - IA cm
4790 2 0 ,9 0 0
4900 20,400
5150 19.400







a. Absorption Spectra of 2-Phenylqulnollne:
Figure 14 shows the absorption spectra of 2-phenylquinoline in 
PH at 25°C. Figure 15 shows the absorption spectra in 95^ ethyl 
alcohol at 25°C and in SPA at ?7°K„ There appear to be at least 
four different electronic transitions in the absorption spectrum at 
room temperature. The centers of these transitions are; 31.000 cm"1 
(3 2 2 5 X ) ,  35,000 cm"1(2860 X ) ,  39,100 cm"1(2560 X )  and 43,500 cm-1 
(2300 8) through 48,800 cm 1(2050 X) In cyclohexane. In EPA at 77°K 
the 3 1 .0 0 0 cm- 1 (3 2 25 X) transition shows a different vibrational
structure from that in cyclohexane at room temperature,, The vibra-
-1  o -1  otional bands are located at 29,100 cm (3430 A), 30,200 cm (3310 A)
and 31.400 cm \ 3 i8O X )  a t  77°K i n  SPA, w h i l e  in c y c l o h e x a n e  a t
room temperature there are six vibrational peaks (Table VI).
Comparing the absorption spectrum of 2-phenylquinoline with
that of 2-chloroquinoline several band assignments can be made.
The absorption spectrum of 2 -chloroquinollne is given In Figure
1^. The transition centered about 31^000 cm"1(3225 X) in 2-phenyl-
quinoline is the 1Lj3 transition of the quinoline subsystem. The
t r a n s i t i o n  c e n t e r e d  a b o u t  35.000 c m " 1 (2860 X) i s  t h e  t r a n s i t i o n
of the quinoline subsystem. Also contained in this region is the
n--jr'Tf transition. The bands at 39,100 cm'1 (2560 X )  and 47,600
cm"1(2100 X )  in 2-phenylquinoline have what may b e  their counterparts

Absorption in 9 ,̂'/ EtOH at
.0
400 ;-so






Figure 13. Absorption spectrum of 2-phenylquiuoline in yr/7 ethyl 
alcohol and K P A .
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TABLE VI
Absorption Frequencies with Fluorescence and Phosphorescence Emission 
Frequencies of 2-Phenylquinoline„
Absorption (in cyclohexane at 25°C)
2 cm"' X cm~^
3370 29,700 2900 34, 500
3310 3 0 ,2 0 0 28 30 3 5, 100
3230 31,000 2570 38,900
3160 3 1 ,6 0 0 2200 4 5 , 5 0 0
3080 3 2 ,5 0 0 2070 48,300
- 1
era
Fluorescence (in SPA at 77°K)
X era 2
3350 29,900 3820 27,600
3380 29,600 3700 27,000
3540 28,200
-1 Q 1cm
Phosphorescence (in EPA at 77°K)
X cm %
4770 21,000 51^0 19,500




in 2-chloroquinolino at 92,900 cm 1 (2330 and 98,800 cm ^(20^0 8 )
respectively. Further comments on these bands vrill be delayed until
after 2-phenylquinoline hydrochloride is discussed.
The conclusions reached were that in 2-phenylquinoline the
1L transition of the quinoline subsystem was moved far enough from b
the 1L transition of the quinoline subsystem to be easily recognized.d
1The n--i-Tr' and L transitions of the quinoline subsystem are located
til
in about the same region. The perturbed transitions of the subsystem 
are more easily recognized in nonpolar solvents than in polar solvents,
b .  Emission Spectra of 2-PhenvlQuinollne;
The fluorescence and phosphorescence spectra for 2-phenylquino­
line in EPA at 77°K are shown in Figure 17. The relative intensities 
are comparable in this case because the spectra were obtained under 
the same conditions. The Intensities in the region 26,700 cm* 1 
(375O X )  to 1 6 ,6 0 0 cm- \ 6 0 0 0  X )  have been multiplied by 1 .1 2 in 
order to increase their size.
The fluorescence bands occur between 30 , 300 cm" 1 (3 3 0 0 X) and 
23,800 cm"^ (9200 S). Comparing the 77°K absorption bands with the 
77°K fluorescence bands given in Figure 17, one can see that they 
overlap to a large extent. In fact the first absorption band is 
at lower energies than the highest energy band of the fluorescence.
Even with this large overlap the 3 0 ,0 0 0 cm-1(3330 X )  transition in 
the absorption spectrum still shows a mirror image relationship 





Figure 17. Fluorescence and phosphorescence emissions of' ^-phenyl- 
quinoline in EPA at 77°K.
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fluorescence are 1 ,3 0 0 and 1,800 cm"! while the corresponding separation 
in the absorption spectrum is 1,200 and 1,000 cm” ' respectively.
There appears at 23.000 cm"'(9350 8) a band that might be part
of a second fluorescence. This band and some possible illusory bands
on the tail of the 29,600 cm- '(3380 X )  fluorescence may constitute a 
second fluorescence band system. The 2 3 , 0 0 0 cm (9-350 X )  fluorescence
band system is very weak and not well resolved, but it showed a differ­
ent dependance on exciting light than did the 29,600 cm” 1(3380 X )  
fluorescence. The 23,000 cm ' (9-350 X )  band appeared when exciting 
light, of the following energies was used: 3 0, 300 cm (3 3 0 0 X ) ,  32,800
cm-' ( 30 50 X )  and possibly 3 5 , 7 0 0 cm- '(2800 X )  and 39-, 500 cm- ' ( 2 9 0 0 X ) .
In the 29,600 cm- '(3380 X )  fluorescence the other bands did not change 
relative intensities. The 2 3 , 0 0 0 cm- '(9350 X )  fluorescence did not 
appear when exciting light of 38,500 cm- '(2600 X )  energy was used.
2-Phenylquinoline shows only one phosphorescence. The first 
high energy band appears at 2 0 , 9 0 0  cm” ' (9780 X ) .  This phosphorescence 
appears if one excites in any of the absorption bands and the relative 
band intensities do not change.
PAKT V
2-Phenylquinoline Hydrochloride
a. Absorption Spectra of 2-Fhenylqutnollne Hydrochloride;
Figure 18 shows the absorption spectra of 2-phenylqulnoline 
hydrochloride in water and 95^ ethyl alcohol at room temperature.
The spectrum consists of at least four different structureless 
transitions centered at 29.600 cm 1 (3375 X ) ,  3 7 .9 0 0 cm-1(2640 X ) ,
4i,500 cm'1 (2910 X )  and the fourth wa3 not completely resolved, but 
was at higher energies. If instead of using HC1, one uses H-^PO^ 
the spectrum is slightly different. The bands are still structure­
less but the 29,600 cm ^(3375 X) band has gained intensity relative 
to the other bands and the other three bands are located ats 37.360 
cm-1(2675 X ) ,  41,800 cm-1(2390 X )  and 94,800 cnf1(2230 X ) .
Comparing the absorption spectrum of 2-phenylqulnoline with 
that of 2-phenylquinoline hydrochloride, one finds that the 
transition of 2-phenylquinoline has moved out to lower energies
and is superimposed on top of the 1L transition in 2-phenylquino-b
line hydrochloride. The n-->dV transition ha3 probably shifted to 
higher energies outside the range scanned,.
If one now compares the absorption spectrum of 2-phenylquino­
line hydrochloride with that of 2-phenylquinoline dihydrogen 
phosphate one observes that the 29.600 cm-1(3375 X )  band has 
not shifted, but the 37.900 cm'1(2640 X )  band has shifted to 37.360 









figure 18. Absorption spectrum of 8-phe>nylquinoline hydrochloride 
(it 9^ 0.
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cm"1(2390 s i )  respectively. This was interpreted to mean that the sub­
systems were more out of plane (showed less interaction) in the phos- 
phated than in the hydrochloride compound.
Figure 19 shows the absorption spectrum of 2-chloroquinoline 
hydrochloride. It will be noticed that this spectrum consists of 
two structureless band located at: 30«&00 cm 1 (3250 8) and 9-0,800
cm-1 (29-50 8).
It Is interesting to note that if one compares the absorption 
spectrum of 2-phenylquinolinum dlhydrogen phosphate with that of 
2lmethyl-2-phenylnaphthalene one finds two bands which appear In 
both cases, namely the 9-1, 800 cnT1 (2390 X) and 94,800 cm"1 (2230 X) 
of the 2-phenylquinolinium dihydrogen phosphate and the 9-1,700 cm 1 
(2900 8) and 9-9,9-00 cm“  ̂(2250 8) bands of 2traethyl-2-phenylnaphtha- 
lene. These bands in the case of 2lmethyl-2-phenylnaphthalene were 
interpreted to be due to the subsystems showing less interaction due 
to steric hindrance.
It was concluded that 2-phenylquinoline in either HC1 or 
H^PO^ solution shows more of the subsystem characteristics than 
does 2-phenylquinoline.
b. Emission Spectra of 2-Phenylqulnollne Hydrochloride:
Figure 20 shows the 77°K fluorescence and phosphorescence 
emissions of 2-phenylquinoline hydrochloride in EPA. Only one 
fluorescence and one phosphorescence were observed from this com­
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Figure F O . Fluorescence and phosphorescenes ©missions o f  o-phenyl- 
quinoline hydrochloride in LI'A at 77 K.
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no room temperature fluorescence.
The 2 ? ,5 0 0 cm-^(3640 X) band of the fluorescence is fairly sharp, 
while the 2 6 ,3 0 0 cm~1('3800 8) band is rather broad with a long tail 
extending to 22,200 cra“^(^31Q X). There is a third band situated at
23,000 cm-1(4350 X )  which is diffuse and widely separated f r o m  the 
rest. This band upon selective excitation appeared to change its 
relative intensity, but due to its low intensity it is impossible to 
determine the intensity change with certainty.
The phosphorescence was about two/thirds as intense as the 
fluorescence. The phosphorescence is located in the region 21,800 
cm \ ^ 6 0 0  X )  through 1 6 ,7 0 0 cra~^(6000 X ) .  Table VII gives the position 
of the absorption, fluorescence and phosphorescence bands. The 
phosphorescence had the same relative band heights and position 
regardless of which absorption band was used for excitation. The 
bands have the same relative intensity and position as the phosphor­
escence of 2-phenylquinoline.
It was concluded that the emissions were coming from the quinoline 
subsystem and that there might be a trace of a fluorescence coming 
from the molecule as a whole.
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TABLE VII
Absorption Frequencies with Fluorescence and Phosphorescence Emission 
Frequencies of 2-Phenylquinoline Hydrochloride.
Absorption (in 95^ ethyl alcohol 25°C)
X cm"^ £ cm- ^
3375 29,bOO 2910 91,500
2690 37,900 2230 94,800




3690 2 7 ,5 0 0
3800 2 6 ,3 0 0
935 0 2 3 ,0 0 0
Phosphorescence (in EPA at 77°K)
- l “ 1cm A cm
21 n 000 5110 19,600
9800 20,800 5520 18,100
9880 20,500




a. Figure 21 shows the room temperature absorption spectra of 6-bromo- 
2-phenylquinoline In cyclohexane and 95^ ethyl alcohol. Figure 22 
shows the 77°K absorption spectrum in EPA. The spectrum is composed 
of at least five electronic transitions. These transitions in cyclo­
hexane are centered at ; 3 0 * ^ 0 0 c® "*(3290 X ) ,  33,900 cm ^ (2950 X ) ,
35,100 cm"1 (2850 X ) ,  38,500 cm~1 (2600 X) and 9-6,300 cm*1 (2 1 6 0 X ) .
In this compound the transition (30,900 cm ^) is shifted 
to lower energies than it was in 2-phenylquinoline. This is what 
would be expected to happen to the transition when a substi­
tution Is made In the 6-position of quinoline. The ^La and n— > TrJ 
transitions are in about the same position as in 2-phenylquinoline.
The other two higher energy transitions have been shifted to lower 
energies by about 1,800 cm” !
Figure 23 shows the absorption spectrum of 6-chloroquinoline 
in 95^ ethyl alcohol at 25°C.
The absorption spectrum of 6-bromo-2-phenylquinoline Is very 
similar to that of 2-phenylnaphthalene„ except that the tran­
sition in this compound is separated from the ^La transition whereas 
in 2-phenylnaphthalene it was almost completely hidden by the 1Lft 
transition.
It appears that In this case there is about as much subsystem 








Figure 21. Absorption epectrum of 6-bromo-2-phenylquino1ine at 2^>°
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b. Emission Spectra of 6-Bromo-2-phenylqaino11ne;
Figure 29- shows the room temperature fluorescence spectrum of 
6-bromo-2-phenylquinoline In 95^ ethyl alcohol* Figure 25 shows the 
fluorescence and phosphorescence spectra of 6-br«ne-2-phenylquineline 
In SPA at 77°K.
This compound shows only one fluorescence at room temperature 
which has a nice mirror Image relationship with the absorption 
spectrum in 951& ethyl alcohol. The vibrational separation in the 
fluorescence spectrum is 1,000 cm'1, while the vibrational separation 
in the absorption spectrum is 800 cm'I
The 77°K absorption spectrum is quite different from the room 
temperature absorption spectrum. The 77°K fluorescence Is in the same 
relation position, but has a different vibrational separation from 
that at room temperature, furthermore it does not match the 77°K 
absorption spectrum.
The room temperature fluorescence of this compound is almost 
identical in structure and position as that of the high energy 
fluorescence of 2-phenylnaphthalene.
The phosphorescence of 6- bromo-2-phenylqulnollne seems to con­
sist of two phosphorescences,, The higher energy phosphorescence
2 5 ,0 0 0  cm*1(4000 X) through 21,700 cm“1(9600 X) consists of two 
broad shoulders.
The lower energy phosphorescence 21,200 cm”1(4720 X} through 








Figure tL-j. Fluorescence and phosphorescence emissions of 6~-bromo- 
2-phenylquino1ine in EPA at 77 K.
8 r;
a diffuse extention to the recL The shape of this low energy phos­
phorescence is almost identical with that of 2-phenylnaphthalene.
The main difference being that the phosphorescence of 2-phenyl- 
naphthalene is 800 cm-1 to the red of 6-bromo-2-phenylquinoline.
The two phosphorescences from 6-bromo-2-phenylquinoline have 1 
quite different half- lives. The 25,000 cnT"̂  (4000 X) through 21,700 
cm-1(4600 X )  phosphorescence h a s  a  much shorter half-life than the
21,200 cra~^(4720 X) through 16,700 cm ^ (6 0 0 0 X )  phosphorescence.
The low energy phosphorescence is about 2 1/2 times as intense 
as the flourescence. This is caused by the heavy atom effect, which 
increases the singlet to triplet crossing probability.
Table VIII gives the absorption, fluorescence and phosphorescence 
frequencies for 6-bromo-2-phenylquinoline.
It was concluded that 6-brorao-2-phenylquinoline shows about 
as much subsystem interaction as did 2-phenylnaphthalene.
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TABLE VIII
Absorption Frequencies with Fluorescence and Phosphorescence Emission 
Frequencies of 6-Bromo-2-phenylquinoline0
Absorption (in 95^ Et OH at 25°C)
% cm~ ̂ 8 cm
3^35 2 9 ,1 00 2970 33.700
3370 29 ,7 00 2860 35.000
3290 30,400 2620 38,200
3230 31,000 2210 45,200







S cm- 1 % -1cm
3520 28,400 3480 28,700
3630 27,300 3610 27 ,7 00









- 1cm I -1cm
4180 23,900 4900 20,400











a. Absorption Spectra of 6-Bromo-2-phenylgulnoline Hydrochloride: 
Figure 26 shows the absorption spectra of 6-bromo-2-phenyl­
quinoline hydrochloride in water and 95^ ethyl alcohol. The spectrum 
consists of at least four electronic transitions. The broad structure­
less bands in 95^ ethyl alcohol are centered at: 28.500 cm- 1 (3 5 1 0 X ) ,
36.200 cm"1(2760 X ) ,  39.400 cm'1 (2540 X )  and 47.600 c m -1 (2100 X ) .
Comparing this absorption spectrum with that of 6-bromo-2-phenyl- 
quinoline it appears that the 1Lfi transition of the quinoline sub­
system has shifted for enough to the red to be superimposed on the
__ -j
1 transition of the quinoline subsystem. Again the 38*300 cm 
(2610 X )  band has been replaced by two bands except the separation 
is not as great as in 2-phenylquinoline hydrochloride nor are they 
affected as much by solvent. The explanation of these bands is 
probably the same as that in the case of 2-methyl-2-phenylnaphthalene.
Figure 27 shows the absorption spectrum of 6-chloroquinaline 
hydrochloride. It will be noticed that the 11, transition has moved 
to lower energies. The 1L^ band has moved for enough to the red to 
be superimposed on the 1L^ band. The structureless bands are lecated 
at 3 1 ,7 0 0 cm"1(3150 X)  and 41,800 cm'1(2390 X ) .
The 35.000 cm 1(2850 X )  band of 6-bromo-2-phenylquinoline has 
disappeared or shifted out of the range scanned, indicating that it 
was probably the n— >7f transition.
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Figure 26. Absorption spectrum of 6-bromo-2-phenylquinoline 





b. Snlsalon Spectra of 6-Bromo-2-phenvlqulnollne Hydrochloride;
Figure 28 shows the fluorescence spectrum of 6-bromo-2-phenyl­
quinoline hydrochloride in 95^ ethyl alcohol at 25°C. Figure 29 shows 
the fluorescence and phosphorescence spectra of 6-bromo-2-phenyl­
quinoline hydrochloride in EPA at 77° K. Table IX shows the absorption, 
fluorescence and phosphorescence frequencies of 6-bromo-2-phenyl­
quinoline hydrochloride.
This compound shows only one fluorescence in 95^ ethyl alcohol 
at room temperature. The fluorescence consists of a broad structure­
less band with its peak at 25,100 cm- 1(3980 X). It looks like a 
mirror image of the low energy absorption band.
The 77°K flourescence spectrum is blue shifted and shows two 
peaks of about equal intensity if exciting light of 29,000 cm 1 
(}h50 X )  is used. If the fluorescence Is excited in the 28,200 cm 1 
(3550 X )  through 2 6 ,3 0 0 cm-1(3800 X )  a long wavelength fluorescence 
is observed, which consists of three bands centered at 2 5 ,5 0 0 cm-1
phorescence has a slightly different shape also when excited in the
has the same shape and relative position as that of 2-phenylquinoline. 
The high energy phosphorescence consists of two shoulders
(3920 X ) ,  24,100 cm"1(4150 X) and 2 3 ,0 0 0 cm"1(4350 X ) e This emission 
will be discussed later. The 20,200 cm~1(4960 X )  band of the phos- 
28,200 through 26,300 cm 1 region.
The phosphorescence of this compound consists of two emissions. 







Figure P y , Fluorescence and phesphorescenco emiasione of
6-bromo-2-phenylquinoline hydrochloride in hPA at 77°K..
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TABLE IX
Absorption Frequencies with Fluorescence and Phosphorescence 
Frequencies of 6-Brcnio-2-phenylqulnoline Hydrochloride.






Fluorescence in EPA 77°K
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Phosphorescence In EPA at 77°K
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X cm- 1 £
4150 24,100 4950











1 9 ,0 0 0
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situated at 22,000 cm  ̂(4550 ft) and 23,BOO cm 1 (4200 ft). If one ignores 
the difference in resolution and compares this emission with that of 2- 
phenylnaphthalene one finds they have the same relative shape, but the 
emission has been slightly blue shifted in the quinoline compound.
If one now compares the fluorescence excited by radiation of
26,300 cm'1 (38OO ft) at ?7°K (See Figure 3 0) with that of 2-phenyl- 
naphthalene (Figure 9) it becomes apparent the two are very similar 
in shape but the 6-bromo-2-phenylquinoline hydrochloride emission 





a. Absorption Spectra of 1.2-Benzfluorene:
Figure 31 shows the absorption spectrum of 1,2-benzfluorene 
In cyclohexane. The spectrum consists of at least five different 
electronic transitions. These transitions are centered at: 26,700
cm"1(3750 X), 29,600 cm"1(3375 X), 33 .600 cm'1(2975 £). 38,600 cm'1 
(2590 %) and 92,600 cm'1(2350 X)„ For the absorption frequencies 
for 1,2-benzfluorene see Table X.
The band located at 26,700 cm"1(3750 X) is probably part of
the 1L transition for the whole molecule, while the bands in theb
region 30,600 cm (3270 X) to 28,600 cm" 1 (3500 X) are probably
the 1 bands for the naphthalene subsystem. The bands in the
region 36,900 cm'1(2750 5?) to 31,200 cm" 1 (3200 X) are probably
the 1La bands for the naphthalene subsystem. Further evidence
for this assigment can be obtained by comparing these bands 
with those of 2-phenylnaphthalene0 The vibrational separation 
of 36,900 cm- 1 (2750 X) to 31 ,200 cm" 1 (3200 t) bands of 1,2-benz­
fluorene are; 1100 cm"1 and 1300 cm-1 while the separation of 
the corresponding bands in 2-phenylnaphthalene are: 1200 cm'1
and 1300 cm"!
The bands located in the region 90,000 cm'1(2500 8) through
37,000 cm'1(2700 X) are probably the 1L^ transition of the 





Absorption Frequencies of 1,2-Benzfluorene in cyclohexane at 25°C
X -1cm
3750 26,700




3160 3 1 ,6 0 0












to that of the 90,500 cm ^(2960 X )  and 39.200 cm-1 (2 5 50 X )  peaks of 
2-phenylnaphthalene. The vibrational separation in the case of 1, 
2-benzfluorene is 1500 cm'1 while that in 2-phenylnaphthalene is 
1300 cm"! The increase in structure is probably due to the increased 
rigidity In the system.
The b a n d s  l o c a t e d  a t  93,500 c m ' 1 (2300 X )  a n d  91,000 c m  (2390 X) 
i n  t h e  a b s o r p t i o n  s p e c t r u m  o f  1 , 2 - b e n z f l u o r e n e  m a t c h  w e l l  w i t h  t h e
97,100 cm"'* (2 1 25 X )  a n d  95,500 c m ' 1 (2200 X )  b a n d s  o f  2 - p h e n y l n a p h t h a l e n e  
w i t h  a  s e p a r a t i o n  o f  1700 a n d  1600 c m -1 r e s p e c t i v e l y .
It was therefore concluded that the absorption spectrum of 1, 
2-benzfluorene is made up of the same transitions as those of 2- 
phenylnaphthalene, except that they are red shifted,
b. Emission Spectra of 1.2-Benzfluorene;
The emission spectra of 1,2-benzfluorene Is given In Figure 
32; it consists of at least two fluorescences and two phosphor­
escences. The fluorescence in the region 29,700 cm 1 (3 3 7 0 Si) 
through 2 5 ,0 0 0 cm ^(9000 X )  is in the same position and, ignoring 
resolution, has the same structure as that of 2lmethyl-2~phenyl- 
naphthalene. It shows a mirror image relationship with the 1L^ 
transition of the naphthalene subsystem. The vibrational sepa-. 
rations of the fluorescence are the same as the vibrational sepa­
rations of the absorption band. The 26,000 cm'1 (3850 &) 
through 18,500 cm“1(59O0 X )  fluorescence consists of two peaks 






Figure 5 2 . Fluorescence and phosphorescence emissions of 1,2- 
benzfluorene in J-methylpentane at 77 K.
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cm” 1(4060 X) and 2 3 ,0 0 0 cra~1(4>40 8) the separation is 1600 cm-1 
in 1,2-benzfluorene as compared to 1500 era"-1 in the case of 2- 
phe ny lnaph th ale ne.
The 29,700 cm-1(3370 8) through 25,000 cm"1(4000 8) fluores­
cence Is excited by energies greater than 29.000 cm"1(3450 8).
The 26,000 cm"1(3850 8) through 18,500 cm*1(5400 8) fluorescence 
is excited by energies in the 28,000 cm'1 (3580 8) through 2 6 ,3 0 0  
cm"1 (3800 8) region. The dependence of this fluorescence on ex­
citing energies higher than 28,000 cm"1(3580 8) could not be deter­
mined due to the fact that the low energy tail of the 29,700 cm-1 
(3 3 70 8) fluorescence, which is much more intense, covered it.
The 25,600 cm"1(3900 8) through 20,400 cm"1(4900 8) phos­
phorescence consists of at least three broad bands. This is the 
same region that 2-phenylnaphthalene had its high energy phos­
phorescence. If one ignores the better resolution In the case 
of 2-pher^ylnaphthalene and compares the emissions they look very 
much the same considering the fact that the low energy phosphor­
escence of 1,2-benzfluorene has shifted to the red.
The 20,300 cm"1(4920 8) through 16,600 cm 1(6000 8) phos­
phorescence lies in the same region as that of 2-phenylnaphthalene.
A shift in relative intensities has occured and different vibra­
tional bands have been emphasized, but thi3 is probably due to 
the strain caused by the five menbered ring and the rigidity of 
the molecule. All the peaks emphasized in 1,2-benzfluorene appear
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in the phosphorescence of 2-phenylnaphthalene either as peaks or 
shoulders.
It was concluded that the emissions from this compound were 
those of the perturbed subsystems and a fluorescence from the mole­
cule as a whole.
Table XI gives the fluorescence and phosphorescence emission 
frequencies for 1,2-benzfluorene.
It is interesting to note that the high energy fluorescence 
of 1,2-benzfluorene looks like the high energy fluorescence of 
fluoranthene and that the low energy fluorescence of 1,2-benzfluorene 
looks very much like the low energy fluorescence of fluoranthene.
See Figure 33*
It is also interesting to note that the low energy phosphor­
escence of fluoranthene has the same position and relative intensi­
ties as those of the last three bands in the low energy phosphor­
escence of 1,2-benzfluorene. The high energy phosphorescence of 
fluoranthene looks somewhat like the 20,400 cm~^(4900 %) through
18,300 cm (5400 8) region of 1,2-benzfluorene. The resemblance 
h e r e  is not as great as that in the other cases.
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TABLE XI
Fluorescence and Phosphorescence Emission Frequencies of 1,2-Benzfluc
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3390 29.500 4060 24,600









-1 9 cm A -1cm
4350 2 3 ,0 0 0 4990 20,000









Figure JJ. Fluorescence and phosphorescence emissions of fluor­




a. Absorption Spectra of 2. 3- Benzfluorene;
Figure 3^ shows the absorption spectrum of 2,3-benzf luorene in 
cyclohexane. The spectrum consists of at least five different 
electronic transitions. The spectrum of 2,3-benzf luorene shows a 
groat deal of fine structure, which indicates the molecule is fairly 
rigid. The spectrum is composed of two types of bands one set of 
which appears very sharp while the other set appears broad.
This spectrum contains several sets of bands not previously 
reported in the literature. These bands are of low intensity and 
are located in the 29.000 cm'1 (39 50 X) through 20,800 cm”1(9800 X) 
region. It is interesting that the three low energy bands look very 
much like the three low energy bands of 2-phenylnaphthalene except 
they are displaced to the red by about 9,300 cm”1. Skipping ahead 
a little bit it is interesting that these bands give rise to a 
fluorescence that is very much like that of 2-phenylnaphthalene 
except shifted to the red by about 5.900 cm"! Table XII gives the 
absorption frequencies of 2, 3-benzfluorene,. No assignment of bands 
was attempted due to the complexity of the spectrum,,
b. Emission Spectra of 2.3-Benzfluorenet
Figure 35 shows the fluorescence and phosphorescence spectra 
of 2,3-benzfluorene in 3-m#thylpentane at 77°K<* The flourescence 













3320 30 ,1 0 0
3250 3 0 ,8 00
3160 3 1 ,6 0 0
3120 3 2 ,1 0 0

















Figure y^. Fluorescence and phosphorescence emissions of 2,$- 
benzfluoreno in J-methylpentane at 7 7 K.
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A 20,800 - 17,200 era-1(9800 - 58OO 8) fluorescence consisting of three
—  1 a - 1bands is excited by light of 27,900 era O^^O 8). The 20,900 cm
(9880 X) band of this emission is very sharp.
If exciting light of 29,900 - 3^,500 cm-1(3900 - 2900 8) is used
there is obtained a second fluorescence, which consists of seven very
sharp lines in the 29,900 - 2 6 ,0 0 0 cm ^(3^00 - 3830 8) region. The 
relative intensity of these emissions vary with selective excitation.
Calculating vibrational separations it appears that the 20,800 - 
17,200 cm”^(9800 - 5800 8) fluorescence arises from the 29,900 - 
20,800 cm ^(9100 - 9800 X )  absorption bands. The 29*900 - 2 6 ,0 0 0  
cm ^(3900 - 3850 X)  fluorescence arises from the 3 5 ,7 0 0 - 29,900 cm"1 
(2800 - 3900 X )  absorption bands.
The 29,900 - 26,000 cm  ̂ fluorescence arises from the naphtha­
lene subsystem.
The 20,800 - 17,200 cm 1 fluorescence arises from the molecule 
acting as a single unit.
Table XIII gives the fluorescence and phosphorescence emission 
frequencies of 2, 3-benzi j.uorene„
The phosphorescence of this com;x)und consists of two different 
parts. The 26,300 - 22,200 cm” 1(3800 - 9500 X)  phosphorescence has 
a much shorter half-life than the 2 1 ,3 0 0 - 16,600 cm 1(9700 - 6000 
8) phosphorescence. The high energy phosphorescence consists of 
two bands centered at 2 5 ,0 0 0 cm ^ (9000 X )  and 29,000 cm ^ (9170 8 ) .
The low energy phosphorescence has a very sharp and intense band
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TABLE XIII
Fluorescence and Phosphorescences Emission Frequencies of 2, 3-Benzfluorene 












'3440 2 9 ,1 0 0 3960
3480 28 , 700 4170
3560 28,100 4430
3660 2 7. 300 4700
3700 2 7 ,0 0 0
3750 2 6 ,7 0 0 4870





2 5 .1 0 0  
24,000 
22,600 
2 1 ,3 0 0
20 , 500
1 9 .1 0 0  
17,800
- 1cm X - 1cm
25,300 4780 20.900
25,000 4880 2 0 ,5 0 0
24,000 4990 20,000
2 2 ,7 0 0 5100 1 9 ,6 0 0




5«50 1 7 ,1 0 0
centered at 20,000 cm- ^ (5 0 0 0 X), ttie other bands are fairly weak and 
consists of two parts each. This low energy phosphorescence may be 
the sum of two phosphorescences, but due tc their weak intensity 
their excitation dependance could not be determined because the low 
energy fluorescence lies in the same region as the low energy phos­
phorescence. The low energy fluorescence is much more intense than 




a. Absorption Spectra of 3.9~Benzefluprene
Figure 36 gives the absorption spectrum of 3.9-benzfluorene
in cyclohexane. The spectrum of this compound is relatively simple
t \when compared with that of 2, 3-benzfluorene. The La and bands
of the naphthalene subsystem are both in the region 3̂+ ̂ 500 - 29,900
cm (2900 - 3̂ +00 X ) .  The of the naphthalene subsystem isb
located in the region 4 5 ,500 - 39,200 cm"1(2200 - 2550 X ) „  The 
of the benzene subsystem appears to be located at 96,500 cm 
(2150 X ) .  The ^ of the whole molecule appears to lie located in 
the region 29,900 - 25,600 cm-1 (3900 ■ 3900 fi)„
Table XIV gives the absorption frequencies for 3,9-benzfluorene 
in cyclohexane.
b„ Emission Spectra of 3.9-Benzfluorene
Figure 37 gives the fluorescence and phosphorescence emissions 
of 3,9-benzfluorene. This compound gives rise to two fluorescences.
The 30,300 - 29,, 900 cm" ̂ (X)00 - 9i00 X) fluorescence is excited 
b y  energies greater than j  1 . 2 0 0  cm" ̂ (3200 X ) . .  It looks very much 
like that of 2’-methyl-2*phenylnaphthalene, this is was interpreted 
to be coming from the naphthalene subsystem.
The 29,700 - 18,200 cm"'** (**050 ~ 5500 X )  fluorescence is excited 
by energies in the 29,900 - 2 7 ,0 0 0 cm' 1 (3**00 - 3700 X )  region. It 




Absorption Frequencies of 3,4. Benzfluorene in cyclohexane at 25°C.
%
-1cm
3620 2 ? ,6 0 0
3360 29,300
3290 30 , 400
3210 j1 ,200














Figure 57** Fluorescence and phosphorescence omissions of 5,^- 
benzfluorene in J-methylpentane.
by energies greater than 29,^00 cm due to the low energy tail of 
the 30.300 cm  ̂ fluorescence covering it. It is also interesting to 
note that this low energy fluorescence looks like that 0 !’ the low 
energy fluorescence of 1, 2-benzfluorene„
The phosphorescence of this compound appears to consist of 
two emissions. The low energy phosphorescence has the same appearance 
as that of the low energy phosphorescence of 2’-methyl-2-phenyl- 
naphthalene. The main difference being the phosphorescence has been 
red shifted by 1?00 cm"^ and the low energy band of 2*-methy1-2-phenyl- 
naphthalene does not appear in the emission of 3.;+-benzfluorene.
The high energy phosphorescence appears in the same region as 
the high energy phosphorescence of 2-phenylnaphthalene. Thus this 
emission is probably due to the benzene subsystem.
Table XV gives the fluorescence and phosphorescence emission 
frequencies for 3.^- benzfluorene,,
11?
TABLE XV
Fluorescence and Phosphorescence Emission Frequencies of j,4-Benzfluorene 







3430 2V,200 4090 24,400
3540 28,200 4370 22,900








4100 ■ 24,400 5200 19,200
4450 22„500 3340 ! 8,?00
4700 21, 300 3600 17,900
‘>000 2’J.OOO 36 30 17,700
CHAPTER IV
SUMMARY
This research began as an effort to try to find further evidence 
in support of the assignment of the electronic transitions of fluoran- 
thene. The electronic energy states of fluoranthene had been interpreted 
to consist of the electronic energy states of the subsystems which had 
been perturbed by electrodynamic interactions- Further evidence for 
this assignment had been obtained from the study of charge transfer 
complexes, polarized emissions and solvent effects-
It was concluded that the electronic energy states of these 
composite molecules were primarily the energy states characteristic 
of the individual parts of the molecule- In order to test this con­
clusion a series of different compounds,, having either very nearly 
the same subsystems or the same subsystems in varying arrangements, 
was chosen for this study- The compounds chosen were:: 1-phenyl-
naphthalene, 2-phenylnaphthalene,■2-methyl-2-phenylnaphthalene,
2-phenylqulnoline„ 2-phenylquinoline hydrochloride, o-bromo-2- 
phenylquinoline„ 6-bromo-2-phenylquinoline hydrochloride, 1,2- 
benzfluorene, 2 , > benzfluorene and 3,^-benzfluorene.
Comparing the electronic absorption spectra of these compounds 
one makes several observations- A transition identified with the 
whole molecule appears as a tail on another transition at room
lib
temperature but shows structure at 7/°K in the case of 1-phenyl- 
naphthalene. The same transition for the whole molecule in 2-phenyl- 
naphthalene is considerably red shifted compared with that of 1- 
phenylnaphthalene and is more intense than that of 1-phenylnaphthalene. 
The same transition in 2-methyl-2-phenylnaphthalene is in about the 
same place as that of 2-phenylnaphthalene but is much less intense.
In 3.^t-benzfluorene, which is a bridged 1-phenylnaphthalene, the 
same transition has gained intensity and structure. This observation 
would be expected because the rings of this compound are more nearly 
coplanar and the molecule more rigid than 1-phenylnaphthalene and 
greater interaction between the subsystems can occur. The bands 
are in the same spectral region as those of 2-phenylnaphthalene.
In 1,2-benzfluorene, which Is a bridged 2-phenylnaphthalene in 
which the rings are more nearly coplanar than those of 3i^-benz- 
fluorene but less nearly coplanar than those of 2, 3-benzfluorene, 
the low energy band for the whole molecule la red shifted with 
respect to that of 3.^-benzfluorene but is not red shifted as 
much as that of 2„3-benzfluorene, which is nearly a planar mole­
cule,, The same transition in 2-phenylquinollne, 2-phenylqulnoline 
hydrochloride, 6- bromo- 2~phenylquinollne and b-bromo-2-phenyl- 
quinoline hydro c hi o-id e is considerably blue shifted and is mixed 
with the naphthalene-like transition of the quinoline subsystem.
This tends to indicate that these molecules have a great deal of 
difficulty assuming a planar configuration. Since they are not
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coplanar the subsystems cannot interact as much.
A transition reminiscent of the 1L^ transition in naphthalene 
is found between 3160 - 3200 X  in 1-phenylnaphthalene and is assigned 
to the naphthalene subsystem. In 2-phenylnaphthalene there is a hint 
of a band in the region 3150 - 3250 X ;  in 2^methy 1-2-phenylnaphthalene 
a band centered at 3100 X is well resolved. These results were taken 
from observations of the 7?°K absorption spectra. In the benzfluorenes 
the transition of the naphthalene subsystem is located in the 
3200 - 3̂ -50 X region at 25°G. In these compounds the 1L^ transition 
is very well resolved and is very similar In structure and position 
to the transition in 2-chloro- and 2-bromonaphthalene which Is 
located in the 3000 - 3250 X region. The transition of the 
quinoline subsystem in 2-phenylquinoline is located at 3250 X and in 
6-bromo-2-phenylquinoline it is located at 3260 X. In the hydrochlo­
rides of these compounds no such band is identifyable because the 
bands are broad and structureless. In 2-chloroquinoline the 1L^ 
transition is located in the 2900 - 3250 X  region. In the hydro­
chlorides of these compounds the is shifted to lower energies.
In these molecules It is superimposed on the 1L^ transition. This 
can be seen in the case of 2-chloroquinoline hydrochloride or 6- 
chloroquinoline hydrochloride.
A second transition that seams to be characteristic of the 
whole molecule is located in the spectrum of: 1-phenylnaphthalene
at 2880 X ,  2-phenylnaphthalene at 2850 X ,  2-lmethy 1-2-phenylnaphthalene
at 2?60 X, 1,2-benzfluorene at jodo 8, 2, j-benzf luorene at 3090 X 
and 3,9-benzfluorene at 3130 8. In the case of 1-phenylnaphthalene 
this transition is very weak and only shows structure at 77°K. In 
the case of 2-phenylnaphthalene the transition is much stronger 
and is apparent in the absorption spectra at 25°C. It shows 
structure at 25°C. In the case of 2lmethyl-2-phenylnaphthalene 
this transition is weaker than that of 1-phenylnaphthalene. In 
3,4-benzfluorene the transition is more intense than in 1-phenyl­
naphthalene but less intense than in 2-phenylnaphthalene. In 1,2- 
benzfluorene the transition is stronger than in 3.^-b«nzfluorenet 
but not as strong as In 2,3-henzfluorene. These observations are 
in line with the order of increasing coplanarity.
The transition assigned to the naphthalene subsystem is2L %
located in the spectrum of: 1-phenylnaphthalene, 2-phenylnaphthalene,
and 2lmethyl-2-phenylnaphthalene in the 2600 - 2900 5t region; how­
ever, its exact position is impossible to determine because of the 
broadness of the second transition for the whole molecule. In the 
benzfluorenes the transition for the naphthalene subsystem Isd
located in the 27 50 - 2900 8 region. In 2-chloronaphthalene the 
L transition is located In the 2600 - 2900 £ region.cL
The ^La transition for the quinoline subsystem is located in 
the spectrum of: 2-phenylquinoline at 2800 - 2900 %, 6-bromo-2-
phenylquinoline at 2850 - 3000 X, 2-phenylquinoline hydrochloride 
at 3380 8, 6-bromo-2-phenylquinoline hydrochloride at 3*+50 8 and
2-chloroquinoline at 2760 X.
A third, transition characteristic of the molecule acting as a 
single unit does not appear in the spectrum of 1-phenylnaphthalene 
or it appeals only as a tail in the 2350 - 2500 X region; in 2imethyl- 
2-phenylnaphthalone there is actually a band at 2400 X; in 3,4-benz- 
fluorene these bands have shifted to 2420, 2470 and 2525 X and have 
gained considerably in Intensity relative to the ether bands. This 
is in line with the assumption that 3.^-b°nzfluorene is more nearly 
coplanar than is 1-pheqylnaphthalene. In 2-phenylnaphthalene the 
same transition is located at 2470 and 2550 X, while in 1,2-benz- 
fluorene and 2, 3-benzfluorene it is located at 2540 and 2650 X .
The transition for the naphthalene subsystem was assigned 
to the 1 2320 X  band of 1-phenylnaphthalene, 2260 X  band of 2-methyl-
2-phenylnaphthalene, 2350 X band of 2-phenylnaphthalene, 2320 X band 
of 3»^-benzfluerene, 2390 X  band of 1,2-benzfluorene and 2390 X  band 
of 2,3-benzfluorene.
The benzene subsystem transition was in general har'd to 
distinguish due to its low intensity, but the ^ t r a n s i t i o n  is 
fairly easy to find in all the compounds studied. It can be found 
in the 2100 - 2160 X  region.
The quinoline compounds did not lend themselves to as definite 
a transition assignment because an insufficient number of related 
compounds was studied.
1-Phenylnaphthalene, 2-phenylnaphthalene, 6-bromo-2-phenyl-
quinoline hydrochloride, 1, 2-benzf luorene, 2, 3-benzfluorene and 3.^- 
benzfluorene appear to give a fluorescence that is characteristic of 
the molecule acting as a single unit.
All the compounds studied give a fluorescence that is charac­
teristic of the naphthalene or quinoline subsystem. These fluo­
rescences of the naphthalene subsystem are all in the same relative 
positions and the amount of structure shown depends on the rigidity 
of the molecule.
None of the molecules studied give a phosphorescence that is 
characteristic of the whole molecule. The reason for this conclusion 
is that all the phosphorescences obtained were in the same relative 
position and had the same relative structure as that of 2-bromo- 
naphthalene. In other molecules having the same number of ring, 
such as, phenanthrene, anthracene etc., the phosphorescence occurs 
at much lower energies.
1-Phenylnaphthalene, 2-phenylnaphthalene, 21methy1-2-phenyl­
naphthalene , and 2-bromonaphthalene all give similar low energy 
phosphorescences. This tends to lead one to suspect that the 
naphthalene subsystem is giving rise to the phosphorescences in 
all these cases.
2-Phenylquinoline, 2-phenylquinoline hydrochloride, 6-bromo-
2-phenylquinoline, 6-bromo-2-phenylquinoline hydrochloride and 2- 
chloroquinoline all give rise to similar phosphorescences. This 
leads one to suspect that the quinoline subsystem is responsible
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for the phosphorescence.
1,2-benzfluorene, 2, 3-benzfluorene and 3.4-benzfluorene all give 
rise to similar phosphorescences. This phosphorescence is in the same 
region as the naphthalene subsystem phosphorescence, but has different 
vibrational bands emphasized. This could be caused by the more rigid 
arrangement of subsystems in these molecules.
2-Fhenylnaphthalene, 2lmethyl-2-phenylnaphthalene, o-bromo-2- 
phenylquinoline, 6-bromo-2-phenylquinoline hydrochloride, 1,2-benz- 
fluorene, 2,3-benzfluorene and 3»^-benzflu®rane gi-ve a high energy 
phosphorescence in the region from 3800 - 4900 X .  This phosphorescence 
has very little structure in most caees. Comparing these emissions 
with the phosphorescence of monobromobenzene in regard to position 
and structure they are very similar. The phosphorescence of mono­
bromobenzene consists of a broad band showing little structure centered 
around 4600 X .  There are two peaks centered about 4100 and 4380 X  in 
the phosphorescence that match fairly well with some of the peaks 
found iii some of the better resolved phosphorescences. Thus this 
high energy phosphorescence of the afore mentioned compounds has 
been assigned to the benzene subsystem.
It was concluded that the electronic energy states of this 
type of composite molecule was made up of two types; those charac­
teristic of the perturbed subsystems and those characteristic of 
the molecule acting as a single unit. The relative proportions of 
each type depjends on the planarity of the molecule. This is indi-
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cated by the fact that as the molecule Is forced to remain in a more 
nearly coplanar structure the transition characteristic of the whole 
molecule gains in intensity relative to the other transitions. The 
fact that the low energy fluorescence is excited by irradiation in 
the low energy band while no phosphorescence is excited, also tends 
to indicate the molecule has two kinds of energy states.
There is still a great amount of work which needs to be done 
with these compounds as well as with this general type of compound.
Some of these would be to try to change the relative intensity of 
the high energy phosphorescence by placing a heavy atom on the 
benzene subsystem, to make charge transfer studies with a pi acid 
which would not react chemically with these compounds, to make a 
more general study of the phenylquinolines, especially in regard 
to resolving the origin of the two bands in the 2500 - 2600 t. 
region in acid solution. Some 2-(o-tolyl)-quinolines should be 
studied in order to determine the effects of steric hindrance on 
the absorption and emission characteristics. Different subsystems 
other than benzene and naphthalene should be studied to determine 
whether one observes the same kind of phenomona.
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